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CHAPTER 1 


Introduction to the Issues 


here is no shortage of manuals and books offering wisdom on low back health, Authors 

range from those with formal medical or rehabibtation training to laypeeple who have found 
aan appronch to alleviate their own baek troubles and become self-proclaimed low back health 
prophets, Their intentions are honorable, but their advice is rarely based on 2 sound scientific 
foundation, ‘Too many of these authors offer inappropriate recommendations or even harinful 
suggestions. Years ago, as I hegan to develop scientific investigations into variqusaspects of low 
Inick problems, Twould askmy graduate students to find the scientific foundation for many of 
the “commonsense” recommendations [was heating hoth i the clinic and in industrial settings, 
“To my surprise they often reported thatthe literature yielded no, or very thin, evidence (note 
that I choose my students carefully and that they are very competent and reliable). Examples of 
such thinly supported “commonsense” recommendations include the following: 


* Bend the kn 
+ Bend the knees and keep the back straight to perio a lift 

* Take yoga and Pilates classes—they are good for the back 

+ Reduce the load heing handled in order to reduce the risk of back troubles. 
+ Sureich the hamstrings if you have a bed back and leg pain, and so on, 


«to perform a sit-up 


In fact, exch of these recommendations may be appropriate in some situations bus, as will be 
shown, noe in all 

“The famous economist John Kenneth Galbraith was well know for demonstrating that actions 
‘based on common wisiom, atleast in economic terms, were often doomed wo fil. He stated that 
‘common wisdom is generally neither common nor wise. Galbraith eloquently expressed exactly 
‘what I had experienced with “clinical wisdom” pertaining to the low back. Many attempts at 
preventing low back troubles and rehabilitating symptomatic ones have failed simply because 
they relied on ill-conceived clinical wisdom. This history of failed attempts is particulatly un- 
fortunate because it has lent credence to the assertions of a numberof increasingly well-known 
“authorities” that low back injury preventionand rehbiitation programs area waste of resources 
“These authorities claim that the majority of low back problems are noe exganie at all—that, 
for example, most of these difficulties have materialized because workers are paid too much for 
injury compensation, have been subject to psychosocal influences, or crave sympathy, These 
cismisvaly of back injury are not justified. Back injury prevention and rehabilitation programs 
with strong scientific foundations, executions, and follow-up ean be effective. 

Having stared this, 1 must acknowledge that justifying improved practice on scientific evi 
denceisa dynamic process, With new evidence, the foundation will change. Toacconnt for such 
inevitable shifts, [have developed a balanced approach in these pages, reviewing the assets and 
liabilities and opposing views of an argument where appropriate, But fair warning! As you tead 
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this book, he prepared to challenge current thoughts and rethink currently accepted practices 
‘of injury prevention and approaches to rehabilitation, 

This chapter will familiarize you with some of the debatable issues regarding low hack 
function, together with some opinions that rehabilitation professionals hold about patients, 
gnosis, compensation, and disability. It will aso explore the circumstances that lead to back 
injury and discuss the need to apply this knowledge to improve low back injury prevention and 
rehabilitation, 


Legislative Landscape: 
The Unfortunate Adverse Impact on Bad Backs 


Although mast legislation and legal activity involving bad backs are enacted with good inten- 
tions, much is counterproductive. A good exaraple isthe issue of spine range of motion (ROM). 
‘The American Medical Association (AMA) guidelines (1990) for quantifying the degree of back 
«asahility are hased mostly on loss of spine ROM, Lawyers and compensation boards that need 
numbers for the purpose of defining disability and rewarding compensation have latched onto 
spine ROM asan objective and easily measured factor. In the legal arena, therapy is considered 
saceessful when the ROM has been restore or atleast improved, 

Scientific evidence suggests, however, that after back injury; many people do not do well with 
an emphasis on enhancing spine mobility. In some cases, back problems are actually: exaver- 
hated by chis appenuch. Infact, evidence shows thatmany back injuriesimprove with stabilizing 
appenaches—motor control training, enhancement of mascle endurance, and training with the 
spine in a neutral position Saal snd Saal, 1989, may be considered the clasie work). Our most 
recent work has shown that three-dimensianal low back ROM has no correlation tofnetional test 
scoresor even the ahility to perform occupational work (Parks tal, 2003). In che best pructicg, 
spine flexibility may not be emphasized until the very late tages of rehabilitation, if ever. 

How, then, did thisidea of lexbility as the best measure of successful rehabititation become 
so entrenched? The current metric for determining disability appears to have been chosen 
for legal convenience rather than for a positive impact on low back troubles, The current 
Jandscape creates a reward system for therapy that arguably hinders optimal rehabilita- 
tion, Pethaps the criteria for determining disability need to be reassessed end justified with 
scientific evidence. 

Another eximple illustrates the perverse impact of well-intended equity legislation, We all 
have equal rights under the law, but we are not physical equals. Although inlividual variance 
is present in every group, different populations within society demonstrate quite different 
capabilities. For example, the data of Jager and colleagues (1991), compiled from many studies, 
clearly showed that young men ean felerate more compressive lond down their lumbar spines 
than can oldermen, and similarly, men ean tolerate shout an acklitional third more load thanean 
women when matched for age. Yet human rights leisation, which i designed wo ereate fairness 
and equity by discouraging distinctions among groups, actually puts older females st grester 
risk than younger men, liy not allowing a 6+-year-old osteoporotic woman to he treated (and 
protected) differently from a 20-year-old, fit, 90 kg (200 1b) male in terms of tolerating spine 
load, the legislation presents a major barner for intelligently implementing tolerance-based 
guidelines for protecting workers, 


Deficiencies 
in Current Low Back Disorder Diagnostic Practices 


Tiscurrently popular for many authorities to suggest that back trouble is nota medical condi- 
tion, They assert that physical loading has little w do with Low back injury compensation clans; 
rather, they believe workers complain of back problems in order to benefit from overly gener 

‘cus compensation packages or to convince physicians they are sick. According to this view, any 
biomechanically based injury prevention or rehabilitation program is useless, Variables within 
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the psychosocial sphere dominate any biological or mechanical variable, [fthis strug, then this 
book is of no value—it should be about psychosocial intervention, 

“Those wio contend that psyebosoeial Factors dorninate low back issues are well-published sc 
encistsand physicians. For example, Professor Richard Deyo (1998) summarized a common view: 
“Consider the following paradox. The American economy is increasingly postindustrial, with 
less heavy labor, more automation and more robaties, and medicine has consistently improved 
iagnostic imaging of the spine and developed new forms of surgical and nonsurgical therapy. 
But work disability caused by back pain has steacily risen.” This line of reasoning assumes that 
modem work (ic., more repetitive, more sedentary) is healthier forthe back than the predomi 
nantly physical labor of past generations. The evidence suggests, however, thatthe repetitive 
motions required by some specialized modern work, or the sedentary nature characterizing 
‘others, produces damaging biomechanical stressors. In fae, the variety of werk performed by 
‘our great-grandparents may have been far healthier than our own. Deyo also seoms to assume 
that nonsurgical therapy has heen appropriately chosen for each individual, whereas I suggest 
that inappropriate therapy prescriptions remain quite common. 

Furthermore, although I agree that there is more reliance on medical imaging, I suspect 
that this reliance has resulted in a Joss in the mechanically based diagnostic skill that are a 
‘crucial factor in accurate diagnosis, Interestingly, magnetic resonance imaging (MRI has been 
docamented to find—among other features—dise bulges, trophic facet joints, and “degenera- 
tive disc disease,” yet these have little relationship to whether the individaal has pain or not. 
Gibson and colleagues (1980) present evidence regarding plain film radiographs: and McGill 
and Yingling (1999) and Zhao and colleagues (2005) discuss why such images are compromised 
in showing accusl damage. Sivage and coworkers (1997) showed there is litle link between 
the image and the patient’ symptoms. Without question the images are of great value for the 
surgeon who must “eut out the pain,” but only ifthe image finding corroborates the specific 
inical symptoms of the patient. 

Professor Alf Nachemson (1992) wrote that “most case control studies of erosssecti 
design that have addressed the mechanical and psychosocial factors influencing LBP (low ba 
pain, including job satisfaction, have concluded that the later play'a more important role than 
the extensively studied mechanical factors.” Yet none of the several references cited to support 
thisopinion made reasonable quantification of the physical job demands, Generally, these stud 
ies showed that psychosocial variables were related to low back troubles, but in the absence of 
measuring mechanical loading, they had no chance to evalvate a loading relationship. 

Finally, Dr. Nortin Hadler (2001) has heen rather emtspoken, stating, for example, that “itis 
unclear whether there's any meaningful association herween taskcontent and dissbling regional 
‘musculoskeletal disorders for a wide range of physieal disorders” and that *on the other hand, 
nearly all multivariate eross scetional ard longitudinal studies designed to probe For associa 
tions beyond the physical demand of asks, detect associations with the psychosocial context of 
working.” 

Recent evidence ely shows that, akhough paychowdal fictors canbe important in 
‘modulating patient behavior, biomechanical components are important in leading to low back 
tisorders and in their prevention. ‘The position that biomechanics plays no role in back health 
and activity tolerance can be held only by those who have never performed physical labor and 
have not experienced firsthand the work methods that must be employed to avoid disabling 
injury. While the scientific evidence is absolutely necessary, it will only confirm the obvious to 
those who have this experience. I find it perversely satisfying when physicians tell me that they 
are now, after missing work asa result of a nasty back episede related to physical work, able to 
relate to their patients. Perhaps experience with a variety of heavy work and with disabling pain 
should be required for some medics! 

Tis, thea, essential to investigate and understand the links among loading, tissue damage 
‘or irritation, psychosecial fretors, and performance to provide clues forthe design and imple- 
mentation of beer prevention and rehabilitation strategies for low back troubles. Founded on 
thisrubric, chapter 7 will strengthen the case for performing provocative testing o discover the 
‘cause of a patient’ pain and will proviean algorithm to guide that approach. In the following 
sections | will address several commonly held beliefs about back 
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Is It True That 85% of Back Troubles 
Are of Unknown Etiology? 


Low buck injury teports often mention the statistic that 85% oflow back troubles are oFunknown 
etiology. This has led to the popular belief that disabling back troubles ae inevitable and just 
happen, 2 statement that defies the plethora of literature linking specific mechanical scenarios 
th specific tissue damage, Some have argued that this statement is simply the product of poor 
iagnosis—or of clinicians reaching the end of their expertise e-., Finch, 1999). In fairness I 
‘must point nut thar diagnosis often depends on the profession of the diagnostician, Fach group 
attempts to identify the primary dysfunction sceording to its particular ‘ype of trestment. For 
example, a physical therapie will atempt diagnosis to guide decisions regarding manual therapy 
approuches, while a surgeon my ind a diagnosis directed toward making surgical decisions more 
helpful. Some clinicians (surgeons, for example) seek a specific tissue as a pain candidate. From 
this perspective, nerve block procedures have shown conciusive pain source diagnosis in well, 
‘over 30% of cases (eg, Bogduk eta., 1996; Lord etal, 1996; Finch, 1999), This has prompted 
research into which tissues are innervated and are candidates as pain generators. Biomechanists 
‘often argue tha this may be irrelevantsincea spine with altered biomechanics has altered tissue 
scresses. Thusa damaged tissue may cause overlond on another tissue, causing pain whether the 
damaged tissue is innervated or not. 

‘Thisis why other clinicians employ skilled provocative mechanical loading of specifi tissues 
to reveal those that hurt, or at least t0 reveal loading patterns or motion patterns that cause 
pain. ‘These types of functional diagnoses are helpful in designing therapy and in developing 
less painful motion patterns, but the process of functional diagnoses will be hindered by a poor 
xnderstanding of spine biomechanics. Furthermore, those with a thorough understanding of 
the biomechanics of tissue damage can be guided! to a general diagnosis by reconstructing the 

tigating mechanical scenario. An additional benefic of this approach is that once the cause 
is understood, it can be remeved or reduced. Unfortunately, many patients continue to have 
troubles imply because they continue to engage in the mechanical cause. Familiarity with spine 
mechanics will dispel this myth of undiagnosabie back trouble and reduce the percentage of 
those with back troubles of no known cause. 

Even with a tissue-based diagnosis, the practice of treating all patients who have a specific 
diagnosis witha singular therapy has not proven productive (Rose, 1989), Foreaample, success 
rates with many’ cancer therapies greatly improved with the combiration of chemotherapy and 
radiotherapy. Optimal hack rehabilitation requires removal of the causeand theaddition perhaps 
‘of sability, manual sof tissue therapy, or something else depending on the patient. Few patients 
fall ito & “complete it” for fanetional diagnosis where a singular approach will yield optimal 
results, Both fr interpretation of the literature and for clinical decision waking, it would appear 
prudent to question the diagnostic eriteria needed before a given diagnosis is assigned. 

Limitationsin tisue-based diagnosis should noche used to suggest that determining the cause 
‘of hack roubles is ievelevanc or that che manual or medical treatment in some cases is fruitless, 
leaving psychosocial approaches to prevail by default, Even given the current limitations, the 
diagnostic approach is productive for guiding prevention and rehabilitition approaches. But 
hat is meant by this “approach”? Read on! 


Diagnosis by Hypothesis Testing 
Geoff Maitland (1987), the Australian physiotherapist, years go promoted the cancepe of 
cxamining the patient and forming a working hypothesis. The hypothesis was used to guide 
treatment and project the prognosis, The hypothesis was chen tested and refined as rehabilta- 
tion progressed. Our approach, which incorporates a strong biomechanical foundation and 
Lends expertise from various biomedical and paychosocial disciplines, is strongly aligned with 
Maitland’ proposition. An initial impression s formed from the first meeting of pasientsin the 
vaiting room—from observing their siting posture, how they rse from the chetr, thet initial 
gaitpattern, and so on. Then a history's taken to look for possible candidate injury mechanisms 
as vel as perceived pain exacerbators and relievers, Observation continues daring some basic 
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rmotion patterns as the evaluation process proceeds, delving farther into the mechanics and 
nature of the symptoms, Then provocative tests are performed tp cither strengthen or weaken 
the hypothesis. Motion and motor pattems that are tolerated are identified. All information is 
used to formulate the plan for comective exercise and the starting dosage of tolerable therapeatic 
exercise. The progression concludes with functional screens and tests that are chosen based on 
information obtained in the preceding process, In this way a functional diagnosisis ensured that 
is sufficient for considering exercise choice and rates of subsequent progression. The cause has 
been identified together with symptoms of abnormal motion and motor patterns. ‘The course 
of prevention and rehabilitation now has some quantitative guiding parameters. 


Is It True That Most Chronic Back Complaints 
Are Rooted in Psychological Factors? 


While there is no doubtthat many chronic back cases have psychological overlays, the signifi- 
‘eance of psychology for back problemsisoften greatly exaggerated, Dr. Ellen Thompson (1997) 
‘coined the phrase "bankrupt expertise” when referring to spine docs who are unable to guide 
improvement in their patients and default 10 blaming the patients and their psychoses, These 
physicians either dismiss mechanical causation or assume that mechanical causation has been 
adequately addressed. 

‘Atour university clinic Isee patients who have been referred by physicians for consult. These 
are cither elite performers or the very difficult chronic bad backs who have failed with all other 
approaches. In spite of the fact thar these people have received very thoroagh attention, Tam 
‘continually heartbroken to hear about the minimal notice paid to ongoing back stressors and 
about the excreises thar these “baskee case backs” have been preseribed that heveoly exacerbated 
their condition, The day before | wrote this section, I saw 2 classic exatnple 

‘A woman had suffered for five years on disability and had seen no fewer than 12 specialists 
from a variety of disciplines. Although several had acknowledged that she had physical concerns, 
her troubles were largely attributed to mental depression. She consistently reported being 
tunable to tolerate specific activities while being able to tolerate others. Some provocative test- 
ing confirmed her teport together with uncoveringa previously undiagnosed arthritic hip. For 
years she had been faithfully following the inscructions of her health care providers to perform 
pelvictils, knees-to-chest seretches first thinggin the moming. and sit-ups; to take her large doz 
for walks and so on. All ofthese ill-choxen suggestions had prevented her posterior dise (with 
sciatica)-based troubles from improving. Aswe will ee later, these types of troubles typically do 
not recover with flexion-based approaches—partieulary first Moreover, 
cg Led ced Canal ada tec mcr! ovary coal allen ee dorecronta 
her tolerance. Although she reported vacuuming 45 4 major exacerbator of her troubles, her 
health care providers had never shown her how to vacuum her home in a way wo spareher back, 
Tsuguested that removing these daily activities and replacing the flexion stretches with neutral 
spine position awareness training and isometric torso challenges would likely start a sow, pro- 
_ressive recovery pattern. I believed that her psychological concerns would probably disappear 
vith her back symptoms if she fll into the typical pattern. This patient, with this typical story, 
hasa reasonably good chance to enjoy life once again, (Note: ‘This patient was back to work and 
‘off her antidepressant medication atthe time of proofing this manuscript.) 

‘None of the “experts” this woman had seen—inclading physical therapists, chiropractors, 
psychologists, physiatrists, neurologists, andorthopods—addressed mechanical concerns. This is 
‘not tocondemn these professions bat rather ta sugyest that sharing experiences and approaches 
vill help usto be more successful in helping had bicks. Peshapsthese professionals were unaware 
‘of the principles of spine function, the types of losds that are impesed oa thespine tissues during 
certain activities, and how these activities and spine postures can be changed ro greatly reduce 
the lozds—in other words, the biomechanical components 

“This hookiiyan attempt wo heighten the awareness and potential of thismechanical approach. 
While sounds very harsh, Ihave found relatively few experts who appear willing to adequately 
auldress the causes of back troubles while working to find the most appropriate therapy. My 
years of laboratory-based work, combined with collaboration in recent years with my clinical 


gin the morning, 
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colleagues, have provided me with unique insight. Asa result, Tam not so quick to blame the 
chronic patient 


Does Pain Cause Activity Intolerance? 


Evidence that mechanical tissue overlond causes damage is condusive, Butdoes the damage cause 
in, and doesthe chronic pain cause work intolerance? Several, but limited numbers of, studies 
have docamented the mechanical or chemical stimulation of tissues tw reproduce clinical pain 
patterns, (Theabsence of definitive, large-scale studies is due w the ethical hsuesof performing 
invasive procedures and probably not to lack of scientific merit in such studies.) For example, 
‘the pioneering work of Hirsch and colleagues (1963-64) documented pain from the injection of 
hypertonic saline into specific spine tissues thought to be candidates for damage. Subsequent to 
thiswork, several other studies suggested the link between mechanical stimulation and pain, for 
example, the work of Hsa and colleagues (1988) documenting pain in damaged dises, 

“There is irrefutable evidence that vertebral dise end-plate fractures are very common and 
result only from mechanical oveslond (Brinckmann, Biggemann, and Hilweg, 1989: Gunning, 
Callaghan, and Mell, 2001). Thar these fractures are also found in necropsy specimens that 
‘vere subjected to whiplash (Taylor, Twomey, and Corker, 1990) also strengthens another ficet 
‘of this relationship, Hou performed diseograms (injections of radio contrast) into 692 discs, of 
‘which 14 demonstrated leakage into the vertebral body, confirming an end-plate fracture, Four 
of these dises (28%) produced severe pain, nine (64%) produced fully concordant pain, anil 
‘one produced mildly discordant pain, In contrast, only 11% of the remaining 678 dises wi 
‘no endplate disruption produced! severe pain, 31% concordant pain, 17% mild pain, and 41% 
no pain, This evidence provides strong suppoct for the notion that loading causes damage and 
damage causes pain, 

Even though pain can limit funetion and actirity in other areas of the body, some still 
gest thatthese are not linked when a had backs at issve. Teasell (1997) provided an interesting 
perspective when he argued that in sports medicine, as opposed to occupational medicine, itis 
well aecepted that some injuries require months of therapy or can even cause retirement from 
the activity, He noted thar athletes receiving specialized sports medline care are an interest- 
ing group t» consider since many are highly moxivated, are in top physical condition, are well 
paid, have access to good medical care, and are fully compensated even while injured, Their 
injuries and pain ean eause absence from play for substantial amounts of time and ean even end 
their hucrative careers, Teasell reminded us that not all long-term chronic pain is an entiely 
psychosocial concer, as implied by same clinicians, These cliniians’ dismissal of the useful- 
ness of physical approaches simply because they have nor heen suecessful in reducing long-term 
troubles is 2 disservice to the patent. 


Inadequacies in Current Care 
and Prevention of Low Back Disorders 


Many back patients can testify that the care they have received for their troubles is nots 
factory. What are some af the fietors that contribute to the inadequacy of their experience 
Cernainly one factor isthe fat that the epidemniclogica evideace on which many professionals 
base their teatment recommendations ea be qui 

‘of the issues that cause confusi 


c confusing, Following are some examples 


* Plethora of studies on “backache.” Nonspecific “backache” is neatly impossible to 
quantify and, even if ic could be quantified, offers no guidance for intervention. As such, any 
_sudy of trestment interventions on nemspecifie backache isoflitslewse. Some backs suffer with 
Aiseogenie problems, for example, and will respond quite diferenty feom these with igamen- 
‘ous damage or fiet-hased problems. Eificacy studies that do not subelassiy bad backs end up 
vith nonspecitie “average” responses. This has led to the belie chat nothing works—or that 
everything does, but to a limited degree. More studies on nonspecitie backache treatment wil 
note helpful, nor will he large epidemiologieal reviews of these studies offer real insight: 
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Low Rack Disorders 


In contrast, patients with trestment matched to the condition experience greater short- and 
long-term reductions in disability than those recciving unmatched treatments (Brennan ct al, 
2006). 

* U-shaped function of loading and resulting injury risk, Like many health-related 
Phenomena, the relationship of low back tissue loading to injury risk appears to form a U- 
shaped function—not a monotonically rising example, virtually every nutrient will 
‘cause poisoning with excessive dosage levels, but health suffers in their absence; thus, there is a 
moderate optimum. In the case with low back loading, evidence suggests that two regionsin the 
U-shaped relationship are problematic—too much and too little. Porter (1987) suggested that 
heavy werk is good for the back—but how does one define heavy? Porter was probably referring 
tw work of sufficient challenge and variability to reach the bottom of the U and hence lower 
symptoms. From biological perspective, sufficient loa y 0 cause strengthening 
and toughening of tissues, but excessive levels will result in weakening. This lack of consensus 
in the literature regarding the measurement of exposure has been problematic (Marras etal, 
2000). A more advanced understanding is required, 

+ Relationsbip of intensity, duration of loading, and rest periads. As Ferguson and Macras 
(1997) pointed out, some scudies suggest that a certain type of loading is nox related to pain, 
injury, or disability, while others suggest itis, depending on how the exposure was measured 
and where the moderate optimum for tssuchealth resides for the experimental population. The 
subjectivity of such studies is further underscored when we consider the question of whether 
there isa clinical difference between tissue irritation and tissue damage. Loading experiments 
‘on human and animal tissues to produce damage reveal the “ultimate tolerable lead” beyond 

ries cause biomechanical changes, pain, and gross failure to structures In rea life, an 
of us could irvitare tissues t produce tremendous pain at loading levels well below the cada 
eriely determined tolerance by repeated and prolonged loading. In fac, evidence presented by 
Videmnan and colleagues (1995) suggests that the progressive development of conditions such 
as spinal stenosis results from years of specific subfailure activity. ‘Ihe fundamental question is 
“Could such conditions be avoided by evidence-based prevention strategies that include optimal 
loading, rest periods, and controlling the duration of exposure?” 


Ill-Advised Rehabilitation Recommendations 


‘These failures to frame research and its results appropriately have resulted in many over- 
simplifications about low back treatment, which have in turn led to some inadequate treatment 
practices and recommendations. few of the mest common recommendations for back health 
are discussed here. 


+ Strengthen muscles in the torxo to protect the hack, Despite the clinical emphasis on 
increasing back muscle strength, several studies have shown that muscle strength cannot predict 
who will have future back troubles (Biering-Sorenson, 1984). On the other hand, Laoto and 
colleagues (1995) have shown that muscular end 

‘Why, then, do many therapeutic programs continue to emphasize strength and neglect endur- 
ance? Perhaps itis a holdover influence from the athletic world in which che goal of training 
is to enhance performance. Perhaps itis an influence from the pervasive use of bodybuilding 
approaches in rehabilitation. As willbe shown, optimal exercise therapy occurs when the emphasis 
shifis away from the enhancement of pecformiance and towand the establishment of improved 
health, In many cases the two are mutually exclusive! 

+ Bend the knees when performing sit-ups. Clinicians widely recommend hending the 
Inees during asit-up, but on what evidence? A frustrating literacure search suggests that chis 
perception may be the result of “clinical wisdom.” Interestingly, Axler and MeCill (1997) 
demonstrated that there is litle advantage to one knee position over the other, and in fact 
the issues probably moot because there are far better ways to challenge the abdominal museu- 
Ihture and impose lower lumbar spine loads (traditional sit-ups cause spine loading conditions 
that greatly elevate the nsk of injury). This issue is one of many that wil be challenged in this 


ce (as opposed to strength) is protective. 
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+ Performing sit-ups will inerease back health, 1s this « true statement or an artifact of 
expsrimental methodology? Despite what many would lke to believe, there isonly 
support for the belief that people who are fit have less back trouble (although positive evidence 
is increasing, for example, Stevenson etal, 2001). Interestingly, many of che studies attermpring 
tw evaluate the role of increased fitness in back health actually included exercises that have been 
know to cause back troubiesin many people. For example, many have attempted to enhance 
abdominal strength with sit-ups. After examining the lumbar compression thet results from 
performing sit-ups with full flexion of the lumbar spine, together with excessive dise annulus 
stresses, its clear that enough sit-ups will cause damage in most people. Each sit-up produces 
low back compression levels close to the National Institute for Occupational Safety and Health 
(NIOSH action limit, and repeatedly compressing the spine to levels higher than the NIOSH, 
section imithas been shown to increase the rskcof back disorders (Axler and MeGill, 1097)."Thus, 
reachinga conclusion over the role of fitness from the published literature has been obscured by 

crcises. Inercased fitness docs have suppor, butthe way in which Frnessis inereased 
ical. 


* To avoid back injury when lifting, bend the knees, not the back, Probably the most 
‘commonadvice given by the clinician to the patient who must lift isto bend the knees and keep 
the back straight. In addition, this forms the foundation for virtually exery set of ergonomic 

nes provided to reduce the risk of work-related injury: Very few jobs ean be performed 
this way. Further, despite che researeh that has compared stooping and squatting styles of 
lifting, no conclusion as to which is better has been reached. The issue of whether to stoop 
‘or squat during « lit depends on the dimensions and propertiesof the load, the characteristics 
‘ofthe lifter, the number of times the lifts to be repeated, and so forth, and there may in Fact 
be safer techniques altogether, Much more justifiable guidelines will be developed later in the 
text 


+ “Tight” hamstrings and unequal leg length lead to back troubles, It would seem intui- 
tive that shortened or “tight” hamstrings would apply deleterious torque to the pelvis and lead 
tw back roubles. A similar argument could be mounted for unequal leg lengths, which would 
tile the pelvis and impose bending stresses on the lumbar spine. This line of reasoning appears 
to have driven popular clinical practice. Interestingly, theres le supportfor these notions. A 
longitudinal study of young men over their military service did not reveal any link between current 
back pain and hip flexion restrictions (Hellsing, 1988). Neither could furure pain be predicted 
inthisstudy or in the well-conducted study of Biering-Sorenson (198+). An interesting stady by 
Ashmen and colleagues (1996) suggested that while reduced hip flexion may not be associated 
‘with back pain, asymmetry between sidesmay be. Interestingly many high-performance athletes 
‘who ran and jamp have “tight” hamstrings that they use as “springs.” Unequal leg length has 
been shown to have a fink with back pain in only the most extreme of length discrepancies; 
even eases oF S cm (2 in) difference rarely develop chronic pain (Grundy and Rohers, 1984), 
Further, chere does not seem 10 he a Significant link between leg lengeh inequality and lumbar 
scoliosis, atleast for inequalities of 1 em (0.4 in.) or less (Holla, Vikoshi, and Tallroth, 1989) 
All of this saggests caution when one is assessing patients and attributing symptoms. Perform 
the provocative tests and discover whether these postural variables are truc exacerbatorsin the 
individual and thus are justifiable targets for therapy. 

+ Asingle exercise or back stability program ixadequate forall caves, [tis currently popular 
to promote the training of singlemuscles to enhance spine stability. While the original research 
-wasmotivatedhy the intention to reechcate perturbed motor patterns hat were documented to 
he the result of injury, others have misinterpreted the data and are promoting exercises to train 
muscles they believe are the most important stabilizers of the spine, Unfortunately, they did not 
quantify stability. ‘The process of quantifying the contribution of the anatomical components 
to stability reveals that vireally all muscles ean be important, but their importance continually 
‘changes with the demands of the activity and task. Icis true that damage to any of the spinal 
tissues from mechanical overload results in unstable joint behavior. Because of biomechanical 
‘changes to the joint, however, the perturbed tissue is rarely linked to the symptomatology in & 
simple way: More likely other tissues become involved, and which ones are involved will result 


literarure 
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in different accompanying motor disturbances, This variety in possible exilogies means that 
4 single, simple rchabiltation approach often will noc work. Is mobility to be restored at the 
expense of nommal joint stability? Or i stability be established first, with enhanced mobility 
asa secondary delayed rehabilitation gosl? Or isthe clinical picture complex, for example, in 
‘stuation in which spine stability is needed but tonic psoas activity causing chronic hip flexure 
necessitates hip mobilization? This example, one of many that could have been chosen, ilus- 
trates the challenge of ensuring sulficient stability For the spinal tissues, No simple, or single, 
approach will produce the best results in all cases. The description and data presented in this 
hook will help guide the formulation of exercises that ensure spine stability 


Can Back Rehabilitation Be Completed in 6 to 12 Weeks? 


Some have suggested that damaged tissues should heal within 6 to 12 weeks. In fact, many 
have used this argument to support the notion that work intolerance exceeding this period has 
‘no pathoanatemical basis (eg, Fordyee, 1995) bur stems from psychesocial issues. Further, 
some have suggested that patient recovery would be better served by redirecting rehabilitative 
effortsavay from physical approaches, This position can be refuted by data and indicatesa 
understanding of the complexities of spine pathomechanies, The concept that tissues heal within 
61012 weeks appears to be originally based on animal studies (reviewed in Spitzer, 1998). Ho 
ever, rotall human patients wet better so quietly (Mendelson, 1982), and the follow-up st 
from some defined disorders sich as whiplash are compelling in the support of lingering tise 
disruption (e.g, Radanov etal, 1904), 

Evidence will be presented in later chapters of both mechanical and neurological changes 
that linger for yearssubsequent to injury. Thisineludes loss of various motor enntrol parameters 
together with documented asymmetric tusele atrophy ancl other disorders, ‘This suggests tat 
postinjury changes are not simple matter of gross damage “healing,” Fallowing are only a few 
‘of the types of damage that can be long-term indeed: 


* Specific tissues such asligaruents, for example, have been shown to take years to recover 
from relatively minor insult (Woo, Gomer, and Akeson, 1985), 

* Theintervertebral motion units form a complex mechanism involving intricate interplay 
among the parts such that damage to one part changes the biomechanics and loading on another 
part. From the perspective of pathomechanies, many reports have documented the cascade of 
Fiomechanieal change associated with initial dise damage and subsequent joine instability and 
secondary arthritis, which may take years to progress (ez, Brinckmann, 1985; Kirkaldy-UWillis, 
1998). 

* Videnan and colleagues (1995) documented that vertebral osteophytes were most highly 
associated with end-plat irregularities and disc bulging, Osteophytes are generally accepted to 
he secondary to dise and endplate trauma bur take years to develop. 


‘Thus, to suggest that back troubles are not mechanically based if they linger longer than a few 
months only demonstrates a limited expertise, 

Another question is “Can these back troubles linger fora lifetime?” In this connection, itis 
teresting that elderly people appear to complain about bad hecks less than younger people. 
‘Valkenburgsand Haanen (1982) showed that backetroubles are more frequent during the younger 
years, Weber (1083) provided further insight by reporting on patients 10) yearsafier disc herni: 
tions (ome ofthem had had surgery while others had not) who were engaged in srenbous cil 
activity—yer all were still receiving total disability benefits! It would appear thatthe easeade of 
changes resulting from some forms of tissue damage ean take years, hut generally not longer 
‘than 10 years. Although the bad news is that the affected joints stiffen during the easeade of 
change, the good news is that eventually the pain is gone. 

“To summarize, the eypectation shat damayed low back tissues should heal within # matter 
‘of weeks has no foundation. In fct, longer-term troubles do have a substantial biomechanical 
‘or pathoanatomical basis, On the other hand, troublesome backs are yenerally nota life sen= 
rence, 
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Should the Primary Goal of Rehabilitation 
Be Restoring the Range of Motion? 


Research has shown that an increased ROM in the spine can increase the risk af future back 
roubles (eg, Bate et al, 1990; Biering-Sorenson, 1984; Burton, Tillotson, and Troup, 
1989), Why then does inereasing the ROM remain a rehabilitation objective? The first 
reason, discussed earlier, is the need to quantify reduced disability as defined by the AMA. 
Second, there isa holdaver philosophy from theathletie world that increased ROM enkanees 
performance. This may he true for some activities, bat it is untrue for others, As will be 
shown, this philosophy may work for other jaints, br ie generslly doesnot work for the back. 
In face, sucessful rehabilitation for the back is generally resided when athlete principles are 
followed. 


What Are Better Alternatives in Dealing With Painful Backs? 


Painful backs are the cesult of different causes; this book proposes approaches 1 identify the 
‘cause in theindividual. Understanding the specific cause, or exacerbator, ineach individual directs 
efforts to remove the cause, andl ensues that the cause is not replicated in the therapy. Tissues 
in the back become irritated with repeated loading, Consider lightly hitting the thumb with a 
hammer repeatedly—eventually the slightest touch causes pain, This is symptom magnification 
heciuse the tissues are hypersensitized—not because of psychesorial modulators, Reduction 
of bypersersitivity in the thumb only occurs following a substantial amount of time afier the 
hammering has stopped, Tissues in the hack are continually “hit with the hammer” hecause of 
the aberrant motion or motor pattems. For example, people with flexion hendingginiolerance of 
the spine may replicate this every time they rise from a chair. Correct this movement fault and 
take the hammer away.” Then the tissues hecome less sensitized, the repertoire of pain-free 
tusks inereases, and motion returns, Motion returns once the pain goes away, Resist “restoring 
function” with a mobilizing approach woo soon, This often retard progress 


Mechanical Loading and the Process of Injury: 
A Low Back Tissue Injury Primer 


Any clinician completing.a worker or patient compensation form i required to identify the event 
that caused the injury. Very few badk injuries, however, result froma single event. This section 
docaments the more common eamulative trauma pathways leading to the calminating event 
‘of a back injury. Because the culminating event is falsely presumed to be the cause, prevention 
efforts are focused an that event. This misdirection of efforts fails to deal with the teal cause of 
the cumulative trauma, 

‘While a generic scenario for injury is presented here, chapter 5 offers a more in-depth dis 
cussion of injury from repeated and prolonged loading to specific tissue, The purpose of this 
section is to promote consideration of the many factors that modulate the risk oF tissue failure 
and to encourage probing to generate appropriate hypotheses about injury etiology. 

Injury, o failure ofa tissue, occurs when the applied lond exceeds the failure tolerance (or 
serength ofthe tissue). For the purposes of this discussion, injury will he defined as the full con- 
tinuum from the most minor of tissue irritation (but mnicrorrauma nonetheless) 10 the wrossest 
of tissue failure, for example, vertebral fracture or ligament avulsion, We will proceed on the 
promise that such damage generates pai, 

‘Obviously, a load thut exceeds the failure tolerance of the tissue, applied once, produces 
injury See figure 1.14, in which a Canadian snowmobiler airborne and about to experience 
an axial impact with the spine fully fesed is at risk of posterior dise herniation upon land 
ing). This injury process is depicted in figure 1.11, where a margin of safety is observed in 

frst cycle of subailare load. In the second loading cycle, the applied load increases in 
magnitude, simultaneously decreasing the margin of safety to zero, at which point an injury 
‘occurs. While this description of low back injury is common, particularly among medical 
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Load 


Time 


Figure 1.1 [a) A margin of safety is observed in the frst cycle of subfailure load, In the second loading cycle, the applied 
load increases in magnitude, simultaneously decreasing the margin of safety to zero, at hich point an injury eceurs. (b) 
The Canadian snowmobile driver (he author in this case, who should know better is about to experience an axial com 
pressive impact load toa fully flexed spine. A ane-time application of load can reduce the maigin of safely to Zera as the 
applied load exceeds the srengih or failure tolerance of the supporting tissues 


15-475, 1007, wth emis om Beer Sane 


Practitioners who are required to identify an injury-causing event when completing forms for 
vworkess’ compensation repores, my experience suggests that relatively few low back 
‘ocear in this manner. 

‘More commonly, injury during occupational and athletic endeavors involves cumulative trauma 
from repetitive subfailure magnitude loads, In such eases, injury is the result of accurmulated 
trauma produced by either the repeated application of relatively low load ar the application of 
sustained load for a long dhuration (as ina sitting task, for example). An individual lifting boxes 
tanto a pallet who is repeatedly loading the tissues of the low back (several tissues could be at 
risk) to a subfailure level (ee Figure 1,2, «b) experiences a slow degradation of failure tole 
ance (eg, vertehrac, Adams and Hutton, 1985; Brinckmann, Biggemann, and Hilweg, 1989). 
‘As tissues fatigue with each cycle of lead and correspondingly the failure tolerance lowers, the 
margin of sifety eventually approaches zero, at which point this individual will experience low 
back injury. Obviously, the accumulation of trauma is more rapid with higher loads, Carver and 
Hayes (177) noted that, atleast with bone, fatigue failure occurs with fewer repetitions when 
the applied loud is closer to the yield strength. 

Yetanother way o produce injury with asubfiilure loxd isto sustain stresses constantly over 
period of time. The rodmen shown in figure 1 3a, with their spines fully flexed for a prolonged 
period oftime,are loading the posterior passive tissues and are initiating time-dependent changes 
in ise mechanics (ggure 1.32). Under sustained loads these viscoelastic tissues slowly deform 
and ereep. The sust 
scrength. Correspondingly, the margin of safety ako declines until injury occurs at a specific 
percentage of tissue stain (Le, atthe breaking strain of chat particalar tissue). Note that these 
‘workers are not lifting a heavy loack simply staying in this posture long enough will eventually 
ensure injurious damage. The injury may involve a single tissue,ora complexpieture may emerge 
in which several issues become involved. For example, the prolonged stooped! posture imposes 
loads on the posterior ligaments ofthe spine and posterior fibers of the intervertebral disc. The 
associated ereep deformation that ultimately presduces microfailare (e.g. Adams, Hutton, and 
Stott, 1980; MeGilland Brown, 1992) may initiate another chain of events, Stretched ligaments 


sU Toad and resultant creep eause a progressive redaction in the rises 
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Failure tolerance 
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a 


Figure 1.2 (a) Repeated cubjailure loads lead to rise fatigue, reducing the failure tolerance, leading to (b) failure on 
the Nth repetition of losd, or box lift in this example. 

(a Repel om ara cha, 30, 3 Mel tel pp: chan of ack nay: Inpleaten m ueng e anl t i 
\ae?5, 1987, wih parle on Baar Since 


Time 


Figure 1.3. [a) These rodmen with fully flexed lumbar spines are loading posterior passive tissuer for a long duration, (b) 
reducing the failure tolerance leading to failure at the Nth? of tssbe stain, 


increase joint laxity, which ean lead to hyperflesion injury (w dhe dise) and to the following 
sequence of events: 


1. Local instability 
2, Injury of unisegmental structures 
3. Ever-increasing shearing and bending lozdson the neural arch 
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Figure 1.4 Loading is necessary for eptimal tissue 
health, When loading and the subsequent degrada. 
tion of tolerance ate followed hy a periad of rect, an 
adaptive tissue response ineresses tolerance, Tissue 
training" resus from the optimal blend of art and 
science in medicine and tissue biomechanics 


‘Thislasity remains fora substantial period after the 
prolonged stoop. 

Understanding the process of tissue damage in 
this way emphasizes why simple injury prevention 
approaches often fail. More efective injury interven 
tion strategies recognize and adklress the complext- 
ties of tissue overload. 

Avoidance of loading altogether is undesirable, 
‘The objective of injury prevention strategies is to 
ensure thar tissue adaptation stimulated from expo- 
sure 0 load keeps pace with, and ideally exceeds, 
the accumulated tissue damage, Thus, exposure to 
load is necessary, but in the process of accumulation 
of microtrauma, the applied loads must be removed 
(with rest) to allow the healing and adaptation 
process to yradually increase the failure wlerance 
toa higher level. We have already seen how tissue 
loading and injury risk form an optimal U-shaped 
‘elationship of rotton much and not too litle load, 
Determining the oprimal load for health encom- 
passes both the art and science of medicine and tissue 
biomechanics. Figure 1.4 presentsa final lead-time 
history to demonstrate the links among loading. rest, 
ani adaptive tissue tolerance. 


In aimmary, the injary prncessmay he associated either with very high Inadsorwith relatively 
lowloads that are repeated or sustained. This either/or causation necessitates rigorons examina 
tion of injury and tissue loading history for substantial periods of time prior to the culminating 
injury event. It is important to recognize that simply focusing on a single variable such as one 
time load magnitude may roc result ina successful index of risk of injury, particularly across a 
wide variety of activities 


A Final Note 


“The selected controversies introduced in this chapter iflustrace the need for the evidence pre- 
sented in the rest ofthe text and the relevance of the discussiuns that follow, Resist che urge to 
assume that conventional wisdom is correct: First consider the evidence and then form your 
‘own opinions, 
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CHAPTER 2 


Scientific Approach 
Unique to This Book 


[is bkconsiss many nonadtonl viewpoints on how the spine factions and becomes 
damaged. Most of these perspectives have emerged from unique biomechanically based 
methodological approach. This chapter will failiarize you with the unique general approach 
taken for obtaining much of the dara in this text and will help you understand both the limita- 
tions and the unique insights provided by such an approach, 

As spine biomechanists, our methods of inquiry are similar to those ased by mechanieal or 
vil engineers. For example, » civil engineer charged with the task of building a bridge needs 
three types of informations 


to be accommodated, or the design load 
+ Structure to be used (@.g, space truss or roman arch), as each architecture possesses 
specific mechanical trats and features 


*  Chanacteristiesof proposed materials that will affect strength, endurance, stability, resis- 
tance to structural fatigue, and so on 


Our approach to investigating spine function is similar to that of our engineering colleagues, 
We begin with the following relationship to predicr the risk of tissue damage 


Applied load > tissue strength = tissue failure (injury) 


Recall from the tissue injury primer atthe end of chapter I that tissue strength is reduced by 
repeated and prolonged loading but is inereased with subsequent rest and adaptation. Analy2- 
ing tise failure in this way requires two distinct methodological approaches. This is why we 
Geveloped two quite distinet laboratories, which led ro much of the progress documented in 
this hook. (Please note that the “we” used! in this chapter includes my research team of grad 
ate students, visiting scholars, and technicians) Our frst lab is equipped for in vitro testing o 
spines, in which we purposefully try to create herniated discs, damaged end plates, and other 
tissue-specific injuries. The second lab isthe in vivo lab, where living people (both normals and 
paticnes) are tested for their response (o stress and loading. Individual tissue loads are obtained 
from sophisticated modeling procedures 


In Vitro Lab 


“The in vitro lab is equipped with loading machines, an aeceleration rac, tissue sectioning equip- 
‘ment, and an X-ray suite to document progressive tissue damage, For example, by pecforming 
«iscograms with radio-opague contrast liquids, we ean document the mechanicsat progressive 
«isc herniation, We inyestigateany cther injury mectanisms in the same way—that is, by applying 
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physiclogical loads and motion patten 
technolony. 

Since niany technique issues can affect the experimental results, the decision to use one over 
another is governed by the specific esearch question. For example, since ammatched set of human 
spines to run 2 controlled filure rest cannot be obtained, animal models must he used. Here, 
control is exereised over genetic homogeneity, diet, physical activity, and so forth to contrast 
an experimental cohort with a matched set of control spines, 

Of course, the results must be validated and interpreted for them to be relevant to humans 
In addition, idenxifying the limitations for relevance in interpretation i critical. Some hypoth 
ses that demand the ase of human material are compromised by the lack of available young, 
healthy, undegenersted specimens. Having healthy specimens is critical because biomechanics 
and injury mechanisms radially change with age. Other major methodological issues inchade 
the way in which biological tissues are leaded, perhaps at specific load rates or at specific rates 
of displaces hand. 
Devising these experiments is net 3 trivial task. 


In Vivo Lab 


“The in vivo lob is wnique in its approach in. attempting to dacament the loads on the many 
vivo, This knowledge lends powerful insight into spine mechanics, both of 
normal functioning and of failure mechanics. Since transducers cannot be routinely implanted 
in the tissues to measure force, noninvasive methods are necessary. The intention of the basic 
approach is to create a virtual spine. ‘This virtual model must sccurately represent the anatomy 
that responds dynamically othe three-dimensional motion patterns of each test subject or patient 
and must mimie the muscle activation patterns chosen by the individual. In so doing, it enables 
1s t evaluate subjects’ unique motor pattems and the consequences of their choices and skill 


How the Virtual Spine Works 


While two groups (the Marras group [e-g., Granata and Marras, 1993] and the McGill group) 
have devoted much effort to the development of biologically driven models, the McGill 
‘moi will e described here given its Familiarity to the author. The model—a dynamic, three- 
dimensional, anatomically complex, biologically driven approach to prelcting individual lambar 
tissue losds-~is composed of two distinct pars  linked-segment mode! and a highly detailed 
spine modll that determines tissue loads and spine stability: 


nd then documenting the damage with appropriate 


t. The researcher must decide which has the mostrelevance to the issu 


lumbar tissues 


* The first part of the McGill model isa three-<imensionallinked-segment representation 
‘of the body using a dynamic load in the handk as input. Tvo oF more video cameras at 30 Hz 
record joint displacements to reconstruct the joints and body segments in three 
Working through the arm and trunk linkage using linked-segment mechanics, reaction forces 
noments are computed about a joint in the low back (usually L4-L5) (previously described 
in McGill and Norman, 1985) (ee figure 2.14), Using pelvic and spine markers, the three rea 
tion moments are converted int moments about the three orthopedic axes of the low Lack 
(letion-extension, lateral bend, and axial twist) 

* Thesecond part of the McGill model enables the partitioning of the reaction moments 
‘obtained from the linked-segment model into the substantial restorative moment components 
(cupporting tissues) using an anatomically detailed three-dimensional representation ofthe skel- 
ton, muscles, ligaments, nonlinear elastic intervertebral dises, and so on (see figure 2.18). This 
part the model was first deserbed ky McGill and Norman (1986) with fll three- dimensional 
‘methods deseribed by McGill (1992) and the most recent update provided by Cholewicki and McGill 
(199) In total, 90 low back and torso muscles are represented. Very belly ist the passive tissue 
forces are predicted by assuming stress-strain oF loa deformation relationships for the individual 
jassive tissues. Deformations are modeled irom the three-dimensional lumbar kinematics measured 
from the subject, which drive the vertebral kinematics of the model. Passive tissue stresses are cali- 
trated for the dflerences in fleibity of each subject by normalizing the stress-strain curves to 
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Figure 2.1 The tissue load prediction approach requires two models. a The frst is a dynamic 
three-dimersianallinked-segment model to obtain the three reaction moments about the low back. 
(b) The second model partiions the moments into tissue ferces muscle forces 1-18; ligaments 
19-26; and mement contributions from dleformed dis, gut, and skin in bending 


the passive range of motion of thesubject. Electromagnetic instrumentation, which monitorsthe 
relative lumbar angles in three dimensions, detects the isolated lumbar motion, The remaining 
moment is then partitioned among the many fascicles of muscle based on their activation 
profiles (measured from electromyography [FMG]) and their physiologieal cross-sectional 
ares, The moment is then modulated with known relationships for instantaneous muscle 
length of either shortening or lengthening velocity. Sutarno and MeGill (1995) deseribed the 
‘most recent improvements of the force: see relationship, In this way, the modeled spine 
mores according t the movements ofthe subjeet’ spine, and the virwal muscles are activated 
according wo the acdvation measured diel from te subject ae igtes 2.2, a, and 2.3) 


Using biological signals in this fashion to solve the indeterminacy of multiple load-bearing 
tissues facilitares the assessment of the many ways that we choose to support loads. Such an 
cchanisins and formulating injury-avoidance 

10 mimic individual spine motions and 


initiates, From a clea! perspective, es abl 
mnusleaeiation patterns enables us wo evaluate the consequences ofa chosen motor contol 


scrategy, For example, we can see that some people are able to stabilize thesr backs and spare 
their lumbar tissues from overload when performing specific tasks, Conversely, we are able to 
evaluate the consequences of poorly chosen motor strategies. In this way we can identify those 
individuals with perturbed motor patternsand devise specific therapies t regrocvehealthy motor 
patterns that ensure sufficient spine stability and spare their tissues from damaging load, 

‘Our challenge has been to ensure sufficent hiological fidelity so that estimations of tissue 
forees.are valid and robust over a wide variety of aetivities. The three-dimensional anatomy is 
represented in computer memory’ (muscle areas are provided in appendix A.1), On oceasion, 
ifthe expense is warranted, we create a sirnal spine of an individual from s three-dimensional 
reconstruction of serial magneticresonanceimaging (MRI) slices from the hip trochanter to"T4 
(ee figure 2.24) This component of the modeling process is well documented for the interested 
reader in McGill and Norman (1986) and MeGill 19%). listo the large number of associated 
research papers pertaining ro the many detailed aspects of the process is provided in a separate 
reference section at the end of this book, See figures 24 and 2.5 fora flowchart and example 
‘of the modeling process. 
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Figure 2.2 _(a\ Subject monitored with EMG electiodes and electromagnetic insrumentation to directly mea 
sure thee-dimensional lumbar kinematics and muscle activity (b) The modeled spine (partially reconstructed 
for lustration purposes, although for the purposes of analysis it remains in mathematical form) moves in 
accordance with the subject's spine. The virtual muscles are activated by the EMG signals recorded from the 
subject’s muscles. 


Figure2.3 In thishisterical photoon the rghy, an inscumented subject simulates the comple three- 
‘dimensional task of tossing an object. The mstrumentation includes three-cimensional video to 
capiure body segment kinematics, a recording ofthe three-dimensional force vector applied to the 
hand, a 3-SPACE electromagnetic device fo recor isolated three-cimensiona lumbar motion ane 
assis in prttioning the passvetisue forces, and 16 channels of NG electiodesto capture muscle 
activation patterns. A more modern data collection is shown on the lef. 


Copyrighted Material 


Copyrighted Material 
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Figure 2.4 The model input and ouput are illustated in this flowchart up to the point of calculation of moments 


and tissue loads. Spine stability 


is calculated with an additional medule. 
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Figure 2.5. Various stages of model ouput in this example ofa subject flexing, picking up a weight and extend 
ing: (a) lumbar motion about the three axes—flexion-extension, lateral bend, and axel twist; (b) lengths of afew 
selected muscles throughout the motion; (c) some muscle forces: (d) 4-15 joint forces of compression and shear; 
(e) stability index, where larger positive numbers indicate higher stability and a zero or negative number would 
suggest that unstable behavior is possible. 
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Scientific Approach Unique to This Book 


1 Development 
\ of the Virtual Spine 
fe / \ ‘The development of the virwal spine 


approach has been an exolutionary 
process spanning 2D years. In that 
J 1 time we have had to confront several 
[ \ specifies, rarveiy, sues GF valida 

tion and how to handle deep muscles 
J] that are inaccessible with surface 


EMG electrodes. Briefly, although we 
16 have tried intramuscular electrodes 
in highly selected conditions, chs is a 

{ limiting invasive procedure. General 
10° }-_—______|__weessimate the deep muscle activation 
amplitudes from movement synergists 
(McGill, Juker, and Kropf, 1996). This 
10" ‘method is limited, however, because t 
requires a prior knowledge of muscle 
patterns for a given moment com- 
10° bination in a specific task. We try to 
incorporate the highest level oFeontent 
validity by using detiled representa- 
tions ofthe anatomy and physiological 
cross-sectional areas, recording stress: 
. strain relationships, and incorporating 
Known modulatorsof muse foree such 
Figwe25. (coniinued) as length and velocity. One of our vali- 
dation exercisesis wo compare the three 
‘measured reaction moments with the sum of individual tissue moments predicted by the virtual 

spine, A close match suggests that we have succeeded in accurately representing force, 

(Over the pastren years this approach for predicting individual lurnbar tissue loads has evolved 
to enable us to document spine stability. In this way, we can evaluate an individual's motor pat- 
terns and identify strategies that ensure safety and those that could result in injury. This is nota 
trivial task. Ir requires converting tissue forcesto stiffness and using convergence algorithms to 
separate those forces needed to eveate the torques thar sustain postures and movements from the 
additional forces needed to ensure stability. Potential energy-basedanalyses are then employed 
10 identify the “stakility index” in exch degree of freedom ofthe joint, which in tarn reveals the 
joine’s ability to survive a given loading scenario, This level of modeling represents the highest 
level of sophistication currently available, It has enabled us to challenge coneepts pertaining to 
spine stability—more on this in chapters 6 and 12, 


‘Stabityndox 


ots ts eeu 


Copyrighted Material 


a 


Copyrighted Material 


CHAPTER 3 


Epidemiological Studies 
on Low Back Disorders 
(LBDs) 


[Ditties xveimens are aren the fis of sine and medicine, Instead, conclusions 
generally emerge from the integration and synthesis of evidence from a variety of sources 
Using.a similar approach, lawyers angue cases in which each piece of evidence is considered cir- 
ccumsstantial inthe hope that eventually the circumstantial evidence will hecome overwhelming. 
Like liwyers, scientific researchers gother and regather circumstantial evidence from several 
perspectives withthe goal ofunderstanding cause and effect. By studying the relationships among 
‘variables and investigating mechanisms, they are able to form perspectives that are robust and 
plausible, This ype of research work, together with lengitudinal studies, testy the causative 
facuns identified in the mechanistic studies. 

Other chapters in this book are dedicated to investigating the various mechanisms within 
‘the low hack and their links with good health and disability. ‘This chapter focuses an the study 
of associations of variables through various epidemiological approaches, Some readers wil find 
thisa boring chapter—so my students inform me, You may choose to skip this chapter, But 
those wishing a fuller understanding of the challenges that lie in building a strong founda- 
tion for the very bestinjury prevention and rehabilitation programs are encouraged to read 
‘on, Doing so will enable you to appreciate the epidemiological perspective, to have s more 
complete comprehension of the positions taken in the text asa whnle to reduce the economic 
impact of low hack disorders, and th understand certain subsequent approaches for prevention 


in this chapter will help you understand the risk factors for low back 
‘trouble—specifically, che changes in personal factors and whether they cause back troubles 
cor are a consequence of having them, For the purpose of this review, purported disabling low 
Jack troubles and possibly related work intolerance wil be referred 1o collectively astow back 
disorders (LBDs), Furthermore, the term personal factors can include anthropomerric and fitness 
variables, as well as motor control ability, injury history, and 0 forth, 


Multidimensional Links Among Biomechanical, 
Psychosocial, and Personal Variables 


As noted in chapter 1, sevecal prominent people have declared that psychosocial 
the mst significant factors in LUD. Thisisan important issue since effective intervention must 
addcess the real cause and consequence of back roubles. In this section we will see that vireu- 
ally all studies that properly measured or calculated the physical demands of tasks showed that 
yeople subjected to specific mechanical stressorsare at higher risk of LBD than others but that 
there also appear to be some mitigating issues. 


variables are 
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Three Important Studies 


‘The fallowing three studies are reviewed! here because of their pastinfluence and future impli- 
cations, 


* Biges andcolleagues: In 1986 Biges and.colleaguespesformed a highly quoted study—one 
that has been very influential in shaping opinion regarding injury prevention and rehabilta- 
tion—at the Being plane ia Washington State in the United States. This retrospective inves- 
tigation analyzed 4,645 injuries (of which 990 were wo the low back) over a L5-month pesiod in 
1979-1980. The authors reported a correlation between the incidence of hick injury and poor 
appraisal ratings of employees performed by their supervisors within six months prior to the 
reported injury. The authors considered the poor ratings to represent a psychosocial factor. 
In 1991 Bigos and colleagues conducted a longitudinal prospective study of 3,020 employees 
at Boeing, during which there were 279 reported low hack injuries, ‘The researchers collected 
personality imventories as well as questionnaires regarding familyand coworker support and job 
tion. They also analyzed personal fictors such as isometric strength, lexihilits, aerobic 

height, and weight, The authors cnncluded that psychosocial measures—particularly 
those related to job enjoyment—had the strongest influenceof all the variablesanalyzed In fact, 
‘those workers who stated they did not enjoy heir ob were 1.85 times more likely to reporea back 

jury (onlds ratio = 1.85), Job satisfaction counted for less than 15% ofthe variance asan injury 
risk factor, meaning that more than 85% of the yariance was unzeeounted for. In other words, 
psychosocial factors failed to account for 85% of the causttion of LBDs, The authors concluded 
“that the statistically significant, though clinically modest, predictive power of work perceptions 
and psychosocial factors for reports of acute back pain among industrial workers argues against 
the exclusive use of an injury model t explain such problems,” This isa fair summary of the 
implications of their work. It does not mean that mechanical loading is unimportant. Yet, this 
saudy is often quoted to support the viewpoint that psychosocial factors are the most important 
causes of hack disorders, Interestingly, Marras and colleagues (1993) also found similar odds 
ratios for job satisfaction (1.56) in amassive study of 400 reperitive industrial lifting jobs across 
48 industries, 


Very few epidemiologically hased studies have i 
scoployed rosaaly slvr qisodfestons of bien. EEE DAI 
chanical, peychosocial, and personal factors. Two impor- Perhaps the most lucid dof 


ition of on 
1 studies meet this requirement. ‘oxkds ratio can be achieved through en 

example. smokers have three times the 
+ Marra and colleagues. Thefirscimporant tuly Fisk gf developing lung eancer that non 
vas reported by Marras and colleagues (1993), who Sayokers do (perhaps 6 outot 10/smokers 
sarveyed over 400 indasrial iting jobs across dffer- 3. boposed to 2 out 0! 10 in nonsmokers), 
caitindustrics, They examined medical records in these they have an odds ratio of3. Thus, an odds 


industries w classify each type ofjub as being either low 34 greater than 1 suggests an increased 
‘medium, orhigh isk for causing LBD. Theydecumented igi from a specific factor, 


«variety of mechanical variables as well as reporting job 
satisfaction, The most powerful single variable for pre- 
dicting those jobs with LBD was maximum low back moment. This resulted ina predictive odds 
ratio of 4.04 between low- and meditan-risk groups and a ratio of 3.32 between the low- and 
high-risk groups. Other single variables produced impressive odds ratios, for example, sagittal 
trunk velocity (odds ratio = 2.48) for the lowe~and high-risk comparison and 24? for maximum 
weight handled letween the low=and high-rise groups. Job saesfaction produced an odd ratio 
of 148 between the low. and high-risk groups and of 1,32 hetween the love~ and mediumrisk 
groups, The researchers entered the single variahles into a multiple logistic regression model, 
‘The group of various measures scleceed by the model desersbed the risk index well between the 
Jow- and high-risk groups and ako between the low- and medium-risk groups. Suitably varying 
the five measures chosen by the regression process (masinum load moment, maximum lateral 
trunk angular velocity, average trunk twisting velocity, iting frequency, and the maximum sagittal 
trunk angle) decreased the ods of being a member of the high-risk LBD group over 10 times 
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(odds ratio ~ 10.6). This was an important study for specifying certain physical characteristics 
‘of job design that reduce the risk of LBD and linking epidemiological findings with quantitative 
biomechanical analysis and psychosocial factors across a large working population. 

* Norman and colleagues. The second important study to successfully integrate biome- 
chanical, psychosocial, and personal factors was conducted by Norman and colleagues (1998), 
‘who examined injuries that occurred in an auto assembly plantthat employed more than 10,000 
hourly paid workers. During a two-year period of observation in the plant, the authors reported 
analyses on 104 cases and 130 randomly selected controls. Cases were people who reported 
low back pain (LBP) to a nursing station; controls were people randomly selected from com- 
pany rosters who did not report pain. This isa notable study because che authors attempted to 
‘obtain good-quality psychosocial, personal, and psychophysical data on all participants from an 

erviewer-asisied questionnaire, s well as good-quality directly measured biomechanical dat 
‘on the physical demand of the jobs of ll participants, (Note that the psychophysical approach is 
heased on worker self pereeived stresses) The scudy revealed that several independenc and highly 
significant biomechanical, psychosocial, and psychophysical factors (identified as risk factors) 
‘existed in those who reported LBP. The personal risk factors that were included were much less 
important. After adjusting for personal rsk factors, the statistically independent biomechanical 
risk factors that emerged were peak lumbar shear forve (conservatively estimated odds ratio 
= 1.7), lumbar dise compression integrated over the work shift (odds ratio = 2.0), and peak 
force on the hands (odis ratio = 1.9). ‘The odds ratios for the independent psychosocial 
risk factors, from among many studied, were worker perceptions of poorer workplace 
social environment (2.6), higher job satisfaction (not lower, a shown in the Boeing study) 
(1.7), higher coworker support (1.6), and perception of being more highly educated (2.2) 
Perceptions of higher physical exertion, a psychophysical factor, resulted in an odds ratio 
of 3.0, which is possibly related to the capacity of the worker relative to the job demands. 
Nearly 45% of the total variance was accounted for by these risk factors, with approximately 
12% accounted for by the psychosocial factors and 31% by the biomechanical factors. These 
results are very consistent with those reported by Marras and colleagues (1995) and by Pun- 
nett and colleagues (1991). Only a few of the personal factors were associated with reporting 
LBP: body mass index (odds ratio = 2.0) and prior compensation chim (odds ratio = 2.2). This 
‘case-control study is of high quality because itused a battery of many ofthe best measurement 
rethodsavailable for field useto assess many psychosocial, biomechanical, and personal factors 
‘on all participants in the data pool. 


The evidence from the comprehensive studies suggests that both psychosocial and biome- 
chanical variables are important risk factors for LBD. In particular, cumulative loading, joint 
moments, and spine shear forces are important. Those aiming that only psychosocial factors 
are important or that only physical leading factors are important cannot mount a creditabl 
data-hased defense, asit appears that the data they quote fail tomeasare property either physical 
‘or psychosocial variables or both 


Do Workers Experience LBDs 
Because They Are Paid to Act Disabled? 


Some papers in the literature appear todismiss the link berween pain and disability. Most of these 
papers clearly state that this notion is restricted to “nonspecific hack pain,” noting that specific 
iagnoses do impair the shility ofa worker to perform a demanding job. However, some authors 
hase their argument on the concept that low back tissue injury heals in 6 to 12 weeks, while 
others hase their arguments on a behavioral model of chronie pain that is not rotally consistent 
‘with the findings of other seientiie approaches. A short discussion of the issues and evidence 
related to physician diagnosis, compensation, tise damage, and pain isnecessary. 

“The position thatchronie pain and disability area function of compensation (ad not mechani 
‘al facors) is contradicted by evilence that low back oubles continue after legal settlement of 
injury compensation (Mendelson, 1982). Hadler (1991) believes that the contest between the 
patient and the medical officer charged with determining the compensatory award causes the 
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patient to act disabled and thwarts any incentive to ace well. Teasell and Shapiro (1998) shared 
thisopinion ina review of several different chronic pain disorders, asdid Rainville and colleagues 
(1997) in another very nice study that specifically addressed chronie LBP. Hadler has taken the 
position that mechanical factors are, for the most part, of little importance in either c1using 
‘or rehabilitating bad backs when compared with the psychosocial modulators (e.g., Hadler, 
2001). His selective citation of the literature exciudes evidence linking mechanical overload to 
tissue damage and ignores several important intervention studies, For example, Wemeke and 
Hart 2001) showed that pain paiterns upon patient presentation, specifically whether the pain 
“centralizes” or not, are much more powerful predictors of chronicity than the psychosocial 
variables they studied 

Of the several parties involved in the compensation system, all wish for a healthy patient. 
However, several fctors conspire to militate against an optimal process anil experience forall 
Some unfortunate patients are rejected from the “comp” system because they fal to yet better, 
‘or setually get worse, and ore labeled noncompliant. This is largely because the comp system 
usually employs a rchab approach that brings finality to the ease. This approach is often known 
as “work harvening” and is characterized by physical tasks that have a systematic schedule 
for increased challenge. Some claim that the type of challenge or exercise or work task is not 
imporcant—only that it be performed. Patients are encouraged to work though the pain. There 
is no question that many patients thrive under this approach and are successfully discharged 
as employed workers. However, this approach is not for every patient. ‘Typically these sorts of 
programs have significant dropout rates. The comp system usually labels these individuals as 
“noncompliant” and they are dismissed from payouts. Psychosocial issues are usually given as 
reawn for their inability to cope. My opinion is different. Many of these individuals have backs 
that may be unstable, and the work hardening program incorporates the injury mechanism 
a8 part ofthe treatment and makes them worse. Butler (e.g, 1991, 2000) has documented for 
‘years that central sensitization mechanisms and secondary hyperalgesia are based on measur- 
able changes in nervous structures and that more pain during movement only heightens the 
syndrome. Because corrective exereischss notbeen prescribed the tissues are further damaged, 
‘or at least prevented from healing. For these patients we work to eliminate the eause of theit 
pain and ensure pain-free therapeutic exercises, specifically designed woaddresstheirdefiecsand 
the actual cause of rise overload. Even with the mos cisabled of backs, those eases thet have 
‘been clasified as failures and labeled with no hope for recovery (ie., 0% chance of returning 
to work), this approach gets about 35% hack to work. 

‘Thns, although the topic of compensation is important, itis irrelevant in diseussions of the 
links between loading and LBD. Compensation issues should not be ased to argue against the 
existence of a mechanical link between injury and work tolerance or, worse vet, to suggest that 
the removal of compensation will eliminate the cause of tissue damage. 


Does Pain Have an Organic Basis—Or Is It All in the Head? 


‘Much has been written about the apparent sbsence of an organichasis for chronic low back dis 
ability (and other chronic pain syndromes). As noted in chapter 1, as high as 85% of disabling 
LBD cases are claimed to have no definitive pathoanatomical diagnosis (White and Gordon, 
1982). Two conclusions have been proposed 


‘+ Many LBD patients present with “nonorganie signs” suggesting psychological disturbance 
‘as the cause of their condition, 

* Poor diagnostic techniques, either fiom inadequately trained doctors or from imitations 
‘of widely available diagnostic technology, have prechided the making of many solid diagneses. 


‘The frst conclusion suggests that the correct course of action in thexe “undiagnosed” cases is 
twignore physiological issues and adklressonly psychological or psychosocial factors. The second 
conclusion suggests that one should not ignore Une possibilities that more thorough diagnostic 
techniques could unearth physical causesand that rehabilitation hased on that assumption could 
bbe more effective than rehabilitation for psychological disturbance alone. Let's examine each 
‘of these arguments, 
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Does Absence of Diagnosis Imply Psychological Cause? 
Waildell and colleagues wrote many manuscripts and guidelines (e-g., 1980, 1984, 1987) on 
‘nononganic signs in patients to support the notion of psychological disturbance overriding any 
pathounatomical tissue damage (because none was diagnosed). Yet many of these “nononganic”™ 
Sims are precisely whut we will use clinically to detect hypersensitivity to leads that cause pain, 
For example, 1 compressive injury often creates pain under very mild compression when the 
person isina flexed orslouched posture. Light touch and reported pain in painful region may 
indicate a highly centelly sensitized patient. While the nononganie signs may be very helpful in 
defining risk for surgical candidates, we take the position that they do notindieate psychological 
‘overlay—in Fact the behavior may be physiologically based. Only-a rigorousand complete exam 
that includes provocative testing could provide evidence to support the diagnostic hypothesis. 

“Teasell and Shapiro (1998) wrote a nice sunumary of an extensive experimental literacure 
saggesting that these pain symptoms may indeed have a physiological basis. ‘They reviewed 
the recent science on the spread of neuron excitability and sensitization of adjacent neurons 
tb explain the sensation of radiating pain in chronic conditions. Changes in neuroanatomy are 
‘coupled with biochemical changes with chronic pain, For example, in fibromyalgia patients, 
numerous studies have shown levels of substance *P” in the cerebrospinal fluid elevated two to 
three times over that in controls (reported in 2 review by Tease, 1997), While the nonorganic 
signs described in Waddell’ papers are important considerations in many eases and are a con- 
tribution to clinical practice, strong evidence suggests that many nonorgaric signs may not be 
exclusive of a pathoanatomical mechanism that has eluded diagnosis. 

Some have argued that no link exists between pain and tissue darmage and activity intolerance. 
In theabsenceof nodirect evidence, some groupshave simply assumed that nociceptive pain that 
is not surgically correctable or that has not improved within six wecks should not be regarded 
as disabling (c.g, Fordyce, 1995). In fact, the Fordyce monograph initiated much discussion, 
including several letters (e.g., Thompson/Merskey/Teasel/Fordyce, 1996). Fordyce’ 1995 
scatements that "the course we are presently on threatens disaster” and that “we change or go 
broke” were particularly revealing, The high costof treating chronic pain and disability appears 
to have motivated the elevation of the importance of the psychosocial factors so emphasized in 
thismonograph. Itisalso interesting to observe the absence of any eminent biomechanical expert 
among the zuthor lst of the Fordyce report. The Canadizn Pain Society stated that the Fordyce 
report literature review “is incomplete and does not reflect the contemporary understanding of 
chronic low back pain” (Thompson/Merskey/Teasell/Fordyce, 1996). Moreover, the Fordyce 
report largely ignored the evidence linking mechanical overload to measurable changes in spine 
biomechanics and spinal pain neuromeckanical mechanisms. Another assumption of the report 
vas that most spine LBDs are nonspecific, meaning simply thata diagnosis was noe made. 


Could Inadequate Diagnosis Be a Factor in Nonorganic LRP? 
Bogduk and colleagues (1996) argued that pain arising from many spinal tssuescan be attributed 
‘wa detectable painful lesion, For example, the fice joints will produce pain upon stimulation 
(McCall, Park, and O'Brien, 1979), Bogdak’ point is certainly correct. However, because not all 
lesions are easily detectable, one cannot argue that if a lesion is not detected there is no organic 
basis for pain, For example, fractures and meniscal tears that have been detected in postmortem 
seudies have not shown radiologically on planar X-ray Gonsson et al, 1991; Tavlor, Twomey, 
and Corker, 1990) or on computed tomography (CT) (Schwarzer etal, 1995). Nor have freshly 
produced fractures and articular damage been outwarly detectable radiographically in animal 
rode (Yingling and McGill, 2000). Yer these are the typical diagnostic procedures used. 
Interestingly, Bogduke and eolleagues (1996) and Lord and colleagues (1596) showed that 
injection of anesthetic (placebo-controlled dingnostic blocks) convincingly demonstrates that 
facet joints are often the site of pain origin, Further, dive studies examining the pain response of 
well over 1000 dises in over 400 people undergoing discography by Vanharanta and colleagues 
(1987) subsequently reappraised by Moneta etal.in 199-4and reported by Bogduk etal. in 1896) 
showed 2 clear and statistically significant correlation between disc pain and grade 3 fissures 
of the annulus fibrosis. Most physicians would probably not detect these deep fissures of the 
annulus, Ina rigorous and systematic study of diagnosis based on anesthetic blocks, Schwarzer 
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and colleagues (1995) were able to disgnose over 60% of the LBD cases citi in the study by 
snd colleagues (1996) as being internal dise disruption (39%), face joint pain (15%), 
1 pain (12%). Bogduk and colleagues (1996) stated, “If inappropriate tests such as 
EMG and imaging are used, nothing will be found in the majority of eases, falsely justifying 
‘the impression that nothing can be found.” Clearly we must question the statement that 859% 
‘of LBD cases are idiopathic or have no definitive pathoanaromical cause. 
At the World Congress for Lumbopelvic Pain in 1995, Professor Bogduk proposed many 
reasors to caution against defaulting 10a psychosocial cause of hack troubles, which are most 
thought provoking 


+ Firstconsutt ‘The usual practice ofa (-minute consult is simply poor practice uch that 
there is no chance for fll assesment of eausal mechanisms, 

+ Evidence-based management: Faith in passive interventions continues, leading to fastra- 
tion by all partes given poor efficacy. 

+ Issue of certificate: Rather than engaging patients, uncovering causes of their troubles, 
and soon, a clinician makes the decree with theissuance ofa certificate for time off ight 
duty oF so forth 

# Workplace interventi 
addressed? 

+ Correct treatment: Was the treatment appropristeormorea consequence of convenience 
(or what may be socially correc? 

+ Investigations: Prolonged pain requires thorough investigation. False positives from tests 
are an iatrogenic nightmare and their possibility must he considered in these cases 


Was the aceupationally related cause of the acl: problem 


+ ‘Treatment of chronic LBP: Simply the wrong weaument or therapeutic exercise was 
pursued. 


+ Lodging a claim: Compensation board has made an incorrect decision, 
+ Lawyers: Encourage retainment of the disability for maximal claim. 
+ Expert witness: False witness claiming the cause to be psychosocial. 


‘Imustacimic that I have had to deal with every one of these points while working with patients, 
medical management groups, and the legal process. They are important, 


Helpful Strategies for Undiagnosed LBDs 


Some physicians are clearly frustrated with the delayed improvement of undiagnosed chronic 
LBD patients. This frastration, together with concern for the financial health of the compen: 
sation system, may have motivated the Fordyce report wo emphasize psychosocial modulators 
rather than organically based variables to explain intolerance to certain types of activity. Buc 
dealing with frustration on the basis of false assumptions wll not help thesituation. What, then, 
are more useful approaches to undiagnosed chronic cases of LBD? 

‘Asnotedearlier, many clinicians do not have the expertise or toolsto diagnose back troubles at 
a tissue-based level. Provocative testing will enable many physicians to identify painful motions 
and loading. By integrating biomechanics with such testing, physicians may be aided in making 
functional diagnoses, 

In a small stuly Deltto and colleagues (1995) suggested thar appropriately classified back 
pain safferers (those with functional classifications rather than tissue-specific diagnoses) do 
better with specific rreatments, Further, 3s patients progress through the rehabilitation process, 
they seem to require different treatment approaches. For example, several studies suggest that 
‘manipulation ean be beneficial for acute short-term troubles, while physical therapy and exer- 
«ise approaches appear better for chronie conditions (Skargren, Carlsson, and Ober, 1998). A 
‘major limitation of these studies is that none has assessed progressive teatments that change 
as the patient progresses through the rehabilitation process; rather, they all have assessed only 
single treatment approaches, Future stucles must assess the efficacy of staged programsin which 
‘categorized patients follow progressive treatment involving several sequenced approaches. 
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In summary; the position suggesting that thereis no decectable pachoanatomical bass for pain 
and activity intolerance in some patients and thus that these are functions of only psychasocial 
variablesdves:not appear tobedefendable, Improved tisue-hased diagnosis, improved provoea 
tive testing and improved functional diagnosis, and better understanding of the interactions of 
psychological variables with pathoanatomical variables appear to have promise for helping to 
improve treatment outcomes, 


Are Biomechanical Variables 
and Psychosocial Variables Distinct? 


Are biomechanical variables and psychosocial variables distinct, or is there an interplay between 
them that, if understood, would underpin a more evidenced-based intervention program? 

‘Most reports have madea clear separatian between psychosocial ard biomeckanical factors. 
But isshereany evidence that psychosocial factors could modulate musculoskeletal aing—or 
vice versi? First, consilerthathighly respected pain scientists present volumesofempirical data 
demonstrating that pain perception is modulated by sensory, nearophysiological, and psycho- 
logical mechanisms, suggesting that the separation of the two for analysis is folly (ex, Melzack 
and Wall, 1983). Teasell (1997) argued quite convincingly that, while psychological actors have 
been cited as being causative of pain and disability, intact psychological difficulties arise as the 
‘consequence of chronic pain (see also Gatchel, Polatin, and Mayer, 1995; Radanoy etal, 1994) 
and disappear upon its resolution (see also Wallis, Lord, and Bogsluk, 1997; Hicks etal, 2005; 
Mannion et al, 2001), Interestingly, when depression is tracked a6 a variable, some evidence 
suggests that kack pain isa predictor of depression (eg, Curryand Wang, 2004), yet depression 
‘ean predispose people to pain (Lepine and Briley, 2004). The evidence iscompelling—pain and 
psychological variables appear to be linked in a bidirectional releionship. 

Ty cass wae dpe thee i yor tits we saan EAL AE 
‘al factors? Marras and colleagues (2000) noted that certain personality factors, eogether with 
some psychosocial variables, appear to increase spinal leads by up wo 27% in some personslity 
types via muscular cocontraction. This appears to occur ac moderate levels of loading, while 
biomechanical loading oerridesany psychosocial effects under larger task demands. ‘This con 
‘clusion wasstrengthened witha field study linking these general mechanistic observations with 
reported LBD in workers. In summary, LBDs appear to be associated with both loading and 
psychosocial fictors, and these factors seem to be related and multifactorial. The same conclu 
Son appears to be valid for many types of chronic pain conditions (Gamsa, 1990) 

‘Consider this fnaltaleand logic, My loving dog developed a painful knee. Simply my reaching 
toward her knee caused her to sink her teeth intr: my arm as she recoiled, Was she displaying 
psychosocial disturbances eausing her pain or a nacural response to avoid mechanieal loading 
that she knew would hurt her? 


What Is the Significance of 
for Cause and Prevention? 


(One of the hest indicators of future back troubles isa previous history of hack troubles (Bigos 
etal, 1991; Burton, Tillotson, and Troup, 1989; Troup etal, 1987). This suguests that stuies 
cof first-time back trouble episodes may be quite revealing for causative factors. Burton, Tillot 
son, Symonds, and colleagues (1996) studied police officersin Northern Ireland wearing >8 
(181) of body armor in a jacket (this additional load ws home by the low hick). This group 
demonstrated a shorter period of tine to thei first onset af pain when compared to officers in 
an English force that did not wear the bealy armor. The suthoes also found that spending more 
than 2 hours per day in avehicle constituted a separate risk for first-time onset of LBP. Another 
(Troup, Martin, and Lloyd, 1981) noted that fills among employees across a variety of 
industries were a commen cause of fist-time onsex an were associated with Kiger periods of 
sick leave and a greater propensity for recurrence than were injuries caused by other mecha- 
nisms. (Ligamentous damage resulting from this type of loading is discussed in chapter +.) It is 
also interesting to note that personal factors appear to play some role in fist-time occurrence, 


irst-Time Injury Data 
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Fpidlemiological Studies on Low Back Disorders (1805) 


Biering-Sorensen (1984) tested 449 men and 479 women fora variety of physical characteristics 
and showed that those with larger amounts of spine mobility and less lumbar extensor muscle 
endurance (independent factors) hail an increased occur 

and colleagues (1995) reached similar conclusions, Muscular endurance, andnot anthropometric 
variables, appears to be proxective. 

‘Some injuries just happen as the result of motor control errors, (Chis interesting mechanism 
is introduced in chapter 5, where we describe witnessing an injury using videofluoroscopy to 
view the spine.) These may be considered random eventsand may be more likelyin people with 
poor motor control systems (Brereton and McGill, 1995), 


1 of first-time back troubles. Luoto 


How Do Biomechanical Factors Affect LBD? 


Several approaches have provided evidence into the links between biomechanical factors and 
LBD. A few are summarized here. 


Mechanical Loading and LBD: Field-Based Risk Factors 


Ofthe epidemiological studies thar have focused on kinematic and kinetic biomechanical fctors, 
a few investigated loading of low back anatomical structures. These would be considered to be 
the strongest evidenee. The majority of the studies, however, assessed indirect measures that 
are linked wo spinal loading such as che presence of statie work postures, Frequent worso bending 
and twisting, lifting demands, pushing or pulling exertions, and exertion repetition. While issue 
‘overloads the cause of tissue damage and related back troubles, these indirect measures of load 
merely act as surrogates, ‘The attraction of using surrogate measures rather than direct tissue 
loads per se for epidemiological study is that they are simpler to quantify and survey in the field 
However, trade-offs exist among methodological utility, biological reality, and robustness. Risk 
factors related to specific tssue-based injury mechanisms are found in chapter 8. 

‘Several issues should be kept in mind when one is interpreting this literature. Virtually all 
reviews of the epidemiological literature (eg, Andersson, 1991; Pope, 1989) have noted th: 
specific ob cites and types of work are associated with LBD (although LBD is defined differently 
in different studies) In particular, jobs characterized by manual handling of materials, siting in 
vibrating vehicles, and remaining sedentary are all inked with LBD, However, thiseype of data 
ddocs not reveal mach sbout the links between specific characteristies ofthe work and the isk of 
sutflering LBD; specifically, dose-response relationship as noc been elucidated. Furthermore, 
a review oF 37 papers that surveyed LBDs revealed no consistency between specific risk factors 
and the development of those disorders (Ferguson and Marris, 1997). This review demonstrated 
the large differences in the way surveillance was performed and in risk factor measurements, We 
are reminded once againthat epidemiological approaches alone will not elucidate the biological 
pathway of the development of LBDs, a process that mast be understood to develop optimal 
prevention and rehabilitation strategies 

‘As noted, the msjority of specific risk factors that are addressed in the epidemiological lit- 
erature (which is surprisingly sparse) are really surrogate factors,or indirect measures of spine 
load. These surrogate factors are static work postures; seated work postures; frequent ending 
and twisting; lifting, pulling, and pushing; and vibration (especially seated), 


* Static work postures. Research has suggested that work characterized by static postures 
isan LBD risk factor. While many studies have suggested a link with static work, the key paper 
‘on this topic was presented by Pannert nd coworkers (1991), who reviewed 1995 hack injury 
‘eases from an auto assembly plant. Analyzing jobs for postural and lifting requirements, they 
found that LBDs were associated with postures that required maintaining mild trank Besion 
(defined as the trunk flexed forward from 21° 10 45°) (odds ratio =4.%), postures involving 
maintaining severe trunk flexion (defined ay the trunk being flexed forward greater than 
45°) (odds ratio = 5.7), and postures involving trunk twisting Or Lateral bending greater than 
20° (odds ratio = 5.9). Their results suggested that the risk of back injury increased with 
exposure to these deviated posturesand with increased duration of exposure. Deviated postures 
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greatly inerease low hacketissue loading, particularly when they mast beheld (Marrasetal., 1993; 
MeGill, 1997) 

* Seated work pastures. Kelsey (1975] linked the seated work posture toa greater risk of 
LBD. Ina more recent su; Liira and colleagues (1996) suggested that hough white collar 
edentary) workers who must sit for long periods have a greater risk of low back troubles 8% 
increase in odds tisk), active blue collar workers gain scme prophylactic effect from sitting down 
(14% reduction in odds risk). This suggests that variable work, and not to mach of any single 
activity, may have mere in reducing mechanically induced low hack troubles. 

+ Frequent bending und twisting. ‘The US, Departmentof Labor report (182) and many 
rmore studies (summarized by Andersson, 1981; Marrasecal, 1995; Punnetteral, 1991; Snook, 
1982) noted the inereased Fisk of LBD from frequent bending and twisting. Infact, Marras 
documented in several studies the increased risk of LBD with higher torso velocties(e., Marras 
et al, 1993, 1995). (Note that this is isolated spine motion and not nonspecific torso motion.) 
‘While these studies did not examine a mechanism to explain a link with LBD, the associated 
motion within the spine will be shown in chapter 5 to forma pathomechanism for very specific 
disabling LBDs. 

+ Lifting, pulling, and pasbing. The National bnstieate for Oceupational Safety and Health 
report (NIOSIL, 1981) provides a good review linking activities requiring lifting, pushing, and 
polling with increased risk of LBD. 

* Vibration. Finally, vibration, particularly seated vibration, is linked to elevated rates of 
LBD (e.g., Kelsey, 1975; Pope, 1989). 

+ Generation of pine poser: The comeept of power (force times yeloctyyor in the consent 
‘of the spine, spine bending velocity with simultancous muscle foree) hasnot beca well formulated 
hhecawse it iva variable that is caleulated rather than dizeeily measured. However it appears that 
‘when the spine muscles are required to generate high forces, the motion needs to be very slow 
‘or static to reduce the risk. On the other hand, ifthe bending velocity is high, then the muscle 
forcesneed to be low, Either way, low power is required to minimize risk. This is substantiated 
by professor Marras’ work linking velocity and acceleration to higher risk, In addition, in our 
‘own laboratory work we have hegun experiments loading people's spines isometrically and then 
vith different combinations of load and motion, We had to abandon the experiments due to 
pain generated when higher power levels were reached, 


While all ofthe risk fictors noted here have been epidemiologically linked with an increased 
incidence of LBD, 1 subsequent section on tissue damage will provide insight into the mecha- 
rists linking mechanical overload, the onset of pain and disability, and the natural history of 
these injuries as they pertain to job performance. 


What Are the Lasting Physiological, Biomechanical, 
and Motor Changes to Which Injury Leads? 


‘The following discussion of recent studies illustrates the substantial literature documenting 
specific performance deficits and subsequent anstamical changes in LBP populations 


* Several studies have documented a change in muscular function after injury (nicely sum- 
marized in Sterling, Jull, and Wright, 2001). These include, for example, 

~ delayed onset of specific worse mmuseles during sudden events (Hodges and Richardon, 

1996, 1999) that may impair the spine’ ability to achieve protective stability during 


situations such a slipsand falls; 
~ changes in torso agonist-antagonist activity during gait (Arendt-Nielson et al, 
1995), 


~ inhibition of back extensors in the presence of pain (Zedka et al,, 190); and 


~ asymmetric mascle output during sokinetic torso extensor efforts (Grabiner, Koh, 
and Ghazawi, 1992) that alters spine tissue loading. 
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+ Anatomical changes following low hack injury inchule axymmetric atrophy in the mul- 
tifidus (Hides ee al, 1994) and fiber changes in the multifidus even five years after surgery 
(Rantanen et sh, 1993). Further, ina very nice study of 108 patients with histories of chronic 
LBD ranging from four months t 20 years, Sihvonen snd colleagues (1997) noted that 50% had 
disturbed joint motion and 75% of those with radiating pain had abnormal electeoniyograms to 
the medial spine extensor muscles 

* Finally,a recent stuly of those with a history of low back troubles has shown a wide variety 
‘of lingering deficits (McGill etal, 2003), The back troubles were sufficient to cause work loss, 
but the subjects had heen back to work for an average of 270 weeks. Generally those with & 
Fistory of troubles were heavier and had disturbances in the flexoriextensor strength ratio and 
the fleynr/extensor enulurance ratio together with the lateral hend endurance ratio, had dimin- 
ished gross flecion range of lumbar motion, and had lingering moter difficulties compromising 
their sility t balance and bend down to pick up « light object. None of these changes could 
bre considered good. 


‘The broad implication of this work is that a history of low hack trouble, even when a sub- 
scantisl amount of time has elapsed since the trouble, is associated with a variety of lingering 
sficits such thata multidiseiplinary intervention approach would be required to diminish their 
presence. This collection of evidence is quite powerful in documenting pathoneuromechanical 
‘changes associated with chronie LBD, These changes are lasting years—not 6 w 12 weeks! 


What Is the Optimal Amount of Loading 
for a Healthy Spine? 


Lucid interpretation of the data in the epidemiological literature is limited by the fact that the 
levels at whieh tissue damage oceurs remain obscure. Many are concerned with the known 
tissue damage that oecurs with high magnitudes of load, repetition, anil 0 on. For example, 
Herrin and colleagues (1986) found that musculoskelesal injuries were ewice as likely ifthe 
worker's lumbar spine was exposed 10 compressive forces that exeeerted 6800 N (predicte with 
a biomechanical model). On the other hand, several of the epidemiological studies have not 
been able to support a link between heayy work, when crudely measured, and the risk of LBD 
(eg Bignset al, 1986; Porter, 1987). Mitigating factorsappear to include repetition of similar 
movements and variety in work. 
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In the discussion of the U-shaped relationship between setivity levels and LBD discussed in 
chapter 1, we saw that stressatopgimal levels strengthens the system, while too little oF too mich 
smal ta heal (1975) detmenstrated a greater than expected increase in ise 
procrusionsamong sedentary workers, While many consider sitting a “low-load” task, in fact it 
‘creates damaging conditions for the disc—the mechanism of which will be explained in chapter 
5. This has obscured the emergence of a much clearer relationship among biomechanical lead 
ing, disc herniation, clinical impressions, and the ability to perform demanding work, Furtiner, 
‘Viderman and colleagues (1990) studied « cross section of retired workers by comparing their 
LBD history with their magnetic resonance imaging (MRI) scans, A history of ack pain and the 
visible parameters of spinal pathology were least prevalent in workers whose jobs had included 

moderate activity and most prevalent in workers with either sedentary or heavy wor 
“Many studies compare just two levels of work—for example, light versus heavy, light versus 
Reciuse any relationship otherthana straight line requires, 


is detsin 


moderate, or moderate versus hea 
more than two points (or levels of activity or levels of londing), such studies cannot illustrate 
the U-shaped relationship. Consider the data compiled in a thorough epidemiological stud 
reported by Liirs and colleagues (19%) of LBD prevalence and physical work exposures. Even 
though the authors considered only the upper levels of excessive loading, they concluded that 
‘one-quarter of excess hack pain morbidity could be explzined by physical work exposures. The 
real possibility remains that this is an underestimate. 

Furthermore, the natare of LBD appears to be affected by the type of work, Videman and 
colleagues (1990) noted « tendency among those who had had sedentary careers to have marked 
disc degeneration in later years, while those who had performed heavy work (lefined as not 
‘only lifting but also requiring large trunk motions) tended to have classic arthrtie changes in 
the spine (stenosis, osteophytosis, etc) In a similar stl, Battie and colleagues (1995) reported 
an apparent contribution of genetic fretors to various age-related changes in the spine using 
monozygotic twins, given significantly greater similarities in spinal changes than would he 
expected by chance. 

Porter (1987, 1992) performeil ewo studies furthering the notion of an optiznal loading level 
for health. The frst study tracked miners and nonminers trated at hospitals for buck pai 
While significantly more miners reported for back trouble compared with nonminers, sig 
‘camiy fewer were diagnosed with dise protrusions, while significantly more were reported to 
have stenosis and nerve root entrapment (conditions associated more with the arthritic spine 
according to the data of Videman, Nurminen, and Tioup, 1990), ‘The second study evaluated 
questionnaire results from 196 patients with symptomatic disc protrusion and 58 with root 
entrapment syndrome, They were asked about their history of heavy work between the ages oF 
15 and 20 years. Significantly more subjects with dise protrusion had done no heavy physical 
vwork in those early years. By contrast, more ofthose withnerve entrapmentsyndrome had done 
five full years of heavy work between 15 and 20 years of age. These collective data sugwest that 
different work demands cause different spine conditions and perhaps that the optimam leading 
is different for different tissues. Nonetheless, the oprimam activity appears to be varied work 
sea moderate level berween sedentary and heavy work. 

‘Woac constitutes an optimum load—a load that is not too much, not too little, not too 
repetitive, and not too prolonged? Currently, we arein eed ofasyessinent tools for determining 
‘optimum lead to guide the intervention toward optimum health, 


What Are the Links 
Between Personal Factors and LBD? 


Some personal fuctors such as masele endurance (not strength) and less spine range of motion 
(oot mors) ate prophylactic for future back troubles. These will be adhiressd in part IIL, “Low 
Back Rehabilitation,” A few other personal factors are noted here 

A few specie personal factorsappear to affect spine tissue tolerance accordingto the existing 
literature; ageand gender are two examples, Jager and colleagues (1991) compiled the available 
literature on the tolerance of lumbar motion units to bear compressive load that passed their 
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inclusion criteria, ‘Their revuks revealed that when males and females were matched for age, 
females were able to sistain only approaimately two-thirds ofthe compressive loads of males 
Furthermore, Jager and colleagu 4 

ine was able to tolerate only about ty-thirds of the load tolerated by the 20-year-old spine, 
‘Keep in mind that age and gender are very simple factors. 

It appears that other personal factors, such as poor motor control system “fitness,” can lead 
tw a back injury during ordinarily benign tasks such as picking up a pencil from the floor. The 
modeling data of Choiewicki and MeGill (1996) suggest that the spine can easily buckle during 
sach a task, When the mascle forces are inherently low, a small motor error can eause rotation 
‘of asingle spinal joint, placingall bending moment support responsibility on the passive tissues, 
Such scenarios do not constitute excessive tasks, but patients often report them 1o clinicians as 
the eventthat eaused their injury. Thisphenomenon will not be found in thescientific iteracare, 
hysever. Many medical personnel would not record this event as the eause of injury since in 
‘many jurisdictions it would not be deemed a compensable injury. These types of injuries seem 
tw be more influenced by the fitness of an individual's motor control system than by factors 
sich ay strength, McGill and colleagues (1995) noted that people differ in cheir ability to hold 
a load in their hands and breathe heavily. This is very significant since the muscles reyuired to 
be continuously active to support the spine (and prevent buckling) are also used to breathe by 
rhythmically contracting. Those who must use their muscles to breathe in this way sacrifice 
spine stability. Interestingly, we have measured changing strategies in those with compromised 
lng elasticity (smokers, emphysemics, etc) who use their back extensors to assist with lung 
inflation, resulting in the perverse effect of enhancing stability at the expense of wearing dow 
the endurance capacity of their bick muscles (Wang etal, in press) All of these deficient motor 
‘contrel mechanisms will heighten biomechanical susceptibility toinjury or reinjury (Cholewicki 
and MeGill, 199) and are highly variable personal characteristics, 

‘Adiitional factors other than simple load magnitude appear to modulate the risk of tissue 
damage, The mechanism of ise herniation provides an example, While dice herniations have been 
produced under controlled conditions (eg, Gordon eal. 1991), they have nor been produced 
‘consistently, Our lab hasbecn able to consistently produce disc herniations by mimicking spine 
motion and load patterns seen in workers (Callaghan and MeGill, 2001). Specifically, it appears 
that only very molest amount of spine compression force is required (only 800-1000 N), but 
the spine specimen must be repeatedly flexed—mimicking repeated torso-spine flexion from 
‘continual bending to a fully flexed posture. ‘The main relevance for this issue is that the way in 
which workers elect to move and bend will influence the risk of disc herniation. This highlights 
the need to examine how workers move in standardized tests at the beginning of their careers 
while they still have “virgin” backs, making it possible to determine cause and effect, Recent 
evidence suggests that those with 2 history of back troubles are more likely to lift flexing the 
spine and not che hips increasing the risk of future back damage (Mell eta, 2003) 


data showed that within a given gender, the 60-year-old 


What the Evidence Supports 


In summary, it is interesting to consider why only some workers become patients, There is no 
{question that damage to tissue can be caused by excessive loading, and damage causes pain. How- 
‘ever, pain isa perception that is modulated by psychosocial varablesin addition to physiological 
injury, Clearly both psychosocial and biomechanical variablesare associated with LBD and are 
important in preventing low back injury and the ensuing chronicity; collectively the evidence 
from several seientifie perspectives is overwhelming. The relative importance of either is often 
difficult wo compareacross studies as the metries for each are different—binmechanical variables 
are reported in newtons, newton-meters, numbers of eycles, and so forth, while peychosceial 
variables are reported in ordinal seales linked to perception (independent risk factors can be 
‘compared using odds ratios). Some influential eeports have ignored biomechanical evidenceandd 
promoted psychosocial variables as being more important, However, no study of psychosocial 
‘ariableshas been ableto conclusively establish causal links—only association, Some hiomechani- 
cally based studies, together with the chronic pain literature, are strongly eonvincing in theit 
establishment of both association and causality. Thank gooxiness! We ean now proceed. 
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Back injury can begin with damage to one tissue, bu this changes the biomechanical funetion 
of the joint. Tissue stresses change and other tissues become involved, leading to progressive 
deterioration with time. Tissue damaye does not always result from too high aload magnitude. 
Jn the case of disc herniation, repetitive motion, even in the absence of large loads, seems to be 
a significanc emusative mechanism. The nosion that tissues heal within 6 to 12 weeks and that 
longer-lasting work intolerance has no pathoanatomical basis appears to be false; tissue injury 
ata and the science of chronic pain mechanisms strongly suguest otherwise. 

Understanding the role of biomechanical, psychosocial, and personal factors together with 
their interrelationships will build the foundation for better prevention inthe future. ‘The chal- 
lenge is to develop variable tolerance guidelines, psychosocial guidelines, and higher-level 
medical practice codes. 

‘On balance the evidence supports the following statements: 


+ Biomechanical factors are linked to both the incidence af first-time low back troubles 
and absentecism, and subsequent episodes. 

+ Psychosocial factors appear to be importantas wall but may be more related to episodes 
after the initial back-related episode. 

+ Poychosocial and biomechanical factors appear to influence each other, in terms of both 
causation of work absence and the enurse of recovery. 

+ Treatment to redace hick pain often leadk to a reduction in psychosocial issues, nor the 
other vay around, There is overwhelming evidence that once patients ean obtain a sound 
night's sleep and can eliminate low-level chronic pain, their psychological constitution 
and mental toughness return, 

+ ‘Therelatonship between louding and LBDs appears to be a U-shaped function with the 
optimal loading being at a moderate level 

+ Low hack tissue damage can initiate a eascade of changes that may cause pain and intok- 
erance to certain activities, and these changes may be disruptive for up to 10 years in an 
unfortunate few. 

+ Many types of tissue damage ean escape detection in vivo, Kxen gross damage visible 
during dissection is often not visible on medical images. ‘Thus, nonspecific diagnosis 
doesnot rule out the presence of mechanical damage and must not be used to imply that 
mechanical fictors are not related to LBD. 
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CHAPTER 4 


Functional Anatomy 
of the Lumbar Spine 


he averuge reader of this book will have already studied basic anatomy of the spine. ‘This 

chapter begins by revisiting some anatomical features, possibly in a way not previously con- 
sidered, ‘Then these features will be related to normal function and injury mechanies w lay the 
foundation for the prevention and rebabilitation strategies that follow. U believe that clinicians 
and scientists alike who specialize in low hack troubles do not devore suficient effort ro simple 
‘onsidering the anatomy’ ‘The answers to many’ questions relevant to the clinician can be found 
within an anatomical framework, wherein lies the “mechanical” foundation for preventing and 
robsbilitating back troubles. The understanding ofinjury snted here will help 
‘ensure that you do not unknowingly include injury-esacerhating maneuvers in therapeut 
‘excicise prescxiptions 


mechanisins 


Basic Neural Structure 


"The greatest athletes who are elite performers. and who avoid injury are very wisein understand- 
ing the process of activating musclesand groups of muscles. They are masters at using imagery to 
conerel the motor unit recruitment process. We study these individuals learn their processes 
9 that we can employ these techniques with people who have painful backs, The basies of what 
you need to know sbout neural integration, some of which are introduced here, ean be found 
in wonderful resources such as Kandel, Schwartz, and Jessel (2000) 

Motion may oceur frum a conscious thought in the brain that 
cor the activation may result fron @ more subconscious process involving an encosled pattern 
thought 1 reside in the spinal cord. ‘Traumatic events can recode these parterns to perturbed 
states, as can chronic and acute pain. Re-recoding these perturbed patterns back to normal 1s 
an issue addressed in the third section of this book. 

Better links between neuroanatomy, neurophysiology, and rehabilitation and training can be 
found in my texthook Ubimute Buck Fines end Performance (2006). Several relevant discussions 
illustrate, for example, why machines cannot ereate the many variations of force development 
withina muscle to stimulate all motor units. In the torso, for example, che oblique muscles have 
‘many neuromuscular compartments that musthestimalaeed with demand. Slow and isolarionist 
approsehes typical of bodybuilding da not offer a rich proprioceptive enviroament providing 
variable mocion, balance, force projection, and direction challenges involving the fall Finkage. 

Another aspect for designing the best manual therapies is based in neuroanatomy: While a 
wonderful neuroanatomical source is David Butlers book The Scnsitice Nerowus Syters (2000), 
an introduction to the concepts is attempted here, Often, pain that is atributed to muscle 
‘tums out to be neurogenic pain. The tests described later in this book are founded on several 
principles. Anatomically, the spinal cord and all nervous tissues linked in series (lumbar nerve 
rots, the sciatic nerve, eic,) can be tensioned, released, mobilized, and flossed with specificand 


gates muscle activation, 
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‘coordinated joint motions. Teasioning nerves only causes more pain—neurogenie pain eannot 
be stretched away. Sadly, too many patients with “tight hamstrings” orsciatic symptoms pursue 
screiching programs that produce only temporary relie, ‘This relief results from the activation of 
the stretch reflex inthe back extensor muscles, but it typically lasts only about 20 minutes. The 
pain and stiffness return. [tis often pessible to break the eycle by replacing the stretching with 
neural “mobilization.” Butler describes well the benefits of mobilizing a nerve along its entire 
tract together with the mechanics that create local tensions. With coordinated cervical, hip, 
knee, and ankle motion, the lumbar nerve roots, cauda equina, and sciatictract can be mobilized 
and flossed without tensioning (shown in chapter 12), We have too many cases of intrarsigent 
sviatica cared with this approach to ignore it. 


Vascular Anatomy 


All spinal tssves havea vascular supply with the exception of the dise. ‘The implications of the 
avascular nucleus are described in the dise section of thischapter. ‘The curious case of vertebral 
veins is introduced here. The veins leaving the vertebral bodies are the only veins in the body 
Inown to lack valves. Venous valves prevent baekflow of blood. But as will be shown shortly 
in the discussion of vertebral mechanics, this anatomic feature is critical. Tt appears that the 
veins act as a hydraulic ourlet from the vertebral body, enabling the expulsion of blood under 
high compressive loading. In dhis way both the arter ns may provide a protective 
mechanism and the ulimate hydraulic shock darpes 


the 
ng system. 


The Vertebrae 


4s you undoubtedly know, che spine has 12 thoracic and five lumbar vertebrae. The construc- 
tion of the vertebral bodies themselves may be likened co a barrel with round walls made o 
relatively stiff cortical bone (see figure 4.1). The top and bottom of the barrel are made of 
mote deformable cartilage plate (end plate) thats approximately 0.6 mm (0,002 in.) thick but 
thinnest in the central region (Roberts, Menage, and Urban, 1989). The end plate is porous 
for the transport of nutrients such 2s oxygen and glucose, while the inside ofthe barrel is filled 
with cancellous bone. The trabecular arrangement within the cancellous bone is aligned with 
the stress trajectories that develop during activity. Three orientations dominate—one vertical 
and two oblique (Galois and Japoit, 1925) (see figure 42). 


Vertebral Architecture and Load Bearing 


‘The very special architecture of the vertebral bodies determines how they bear compressive load 
and fail under excesive loading, The walls of the vertebrae (or sides of the barrel) remain rigid 
‘upon compression, but the rucieus ofthe disc presurizes (the classic work is by Nachemson, 1960, 
1965) and causes the cartilaginous end plates ofthe vertebrae to bulge inward, seemingly tocompress| 
the cancellous bone (Brinckmann, Biggemann, and Hilweg, 1989). In fact, under compression the 
‘cancellous bone fils fist (Gunning, Callaghan, and McGill, 2001), making it the determinant of 
failuretolerance of thespine (at least when the spine is rot positioned tthe end rangeof motion). 
Ics dfficule to injure the disc annulus this way (annular failure wll be discussed later). 
Although this notion is contrary to the concept thac the vertebral bodies ae rigid, the func 
tional interpretation of this anatomy suggests a very clever shock-absorbing and load-bearing 
system. Farfan (1073) proposed the notion that the vertebral bodies actas shock absorbers of the 
spine, although ke based this more on vertebral bovy fluid flow than on end-plase bulging. He 
suggested thatthe discs were not the major shock absorbers ofthe spine, eontrary to virally any 
textbookon the subject Since the nucleus isan incompressible fluid, bulging end plates sugest 
fluid expulsion fiom the vertebral bodies, specifically blood through the perivertebral sinuses 
(Roaf, 1960). This mechanism suggests a protective dissipation upon quasistatic and dynamic 
‘compressive Icading of the spine. ‘The case study literature zbounds with compression fractures 
‘of the vertebral body daring dynamic loading where the disc eemained intact (for example, during 
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Figure 4.1. The parts of atypical lumbar vertebra. 


Figure 4.2 The atrangement of the trabeculae first noted by Gallois andl Japoit in 1925) is aligned with the domi- 
nant trajectories of stress. (a,b,c) The three trabecular systems 
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tobogganing und sledding [Kelly and Robinson, 2003). More vertebral body-based shock 
absorbing mechanisms are documented subsequently. In summary, the common statement found 
ja many textbouks that the discs are the shockabsorbers ofthe spine now appears questionable; 

rather, the vertebral bodes appear o play 2 dominant role in performing this function, 
Deformable vertebrae isa new notion for many. How do the end plates bulge inward into 
seemingly rigid bone? The answer appears to be m thearchitecture ofthe cancellous bone. Ver- 
tebral cancellous bone structure is dominated by'a system of columns of bone (shown in figure 
4.2) thatrun vertically from end plate to en plate. The vertical columnsare tied together with 
ssnaller transverse trabeculae, Upon axial compression, asthe end plates bukge into the vertebral 
logis. these columns esperienee compression and appearto bend. Under exesssve compressive lod 
the bending columns wll buckle a the smaller bony transverse trabeculae fracture, as documented 
hy Fybrie and Schafller (1994) (see Figure 4.2), In this way, thecancellous bonecan rehound hack to 
iss criginal shape (at least 95% of the criginal unloaded shape) when the loud is removed, even 
after suffering facture and delamination ofthe transverse trabeculae, This architecture appears 
‘oaflord excellent cistc deformation, even after marked 


Understanding Vertebral dlanage, and then to regain its original structure and Fure~ 


Mechanics 


To tly appreciate vertebial behavior | 
‘encourage you to obtain a vertebra irom 
@ butcher (bovine or porcine is ideal, 
Hold the vertebra end plate to end 
plate between your thumi and finger 
and squeeze. If you have never done 
this before, you will be amazed by the 
deformation and elasticity. The yerte- 
bra experiences similar deformation as 
the incompressible nucleus of the disc 
presses over the central end plate curing 


tion sit heals, Damaged cancellous fractures appear 
‘heal quickly, giventhe small amount of osteogenic activity 
‘needed, a last when compared with the lengt of time 
needed to repair collagenous tissues, 

Microfracturing of the trabeculae cin occur with 
repetitive loading at levels well below the failure level 
from a single eycle of load, Lu and colleagues (2001) 
demonstrated that eyelie loading at 10% of ultimate 
failure load eased no damage or change in stiffness: but 
with 20,000 cyeles flondat 20% to 30% of the ulimate 
failuce load, both stifnessand energy absorbed at failure 
sworedecreased, Highly repetitive nals, even at quite low 
magnitudes, appear 10 cause microdunage. 

‘The osteoporotic vertebra is characterized by mineral 


SiS mss) Jossand declining bone density m the trabeculae, Becvuse 


transverse trabeculae are far fewer in number than lon= 
gitudinal trabeculae and because they are generally of 
sinaller diameter, thetransverse trabeculae specifically are 
the target for mechanical compromise with osteoporotic 
mineral loss (Silva and Gibson, 1997) (see figure 44). 
Interestingly, the same authors noted a higher tendency 
for thetransverve rabeculseto disappesr in fermales with 
greater incidence than in males. This lassin mechanical 
integrity of the transverse trabeculae has a great influ- 
cence on the compressive strength of the vertebra via 
the mechanism deseribed earlies. Thus, the osteoporotic 
vertebra beginstoslowly collapse when exposed to exces- 
sive load, with serial buckling of the columns of bone 
ultimately developing the classic wedge shape. 

Iris interesting to contrast the other extreme of the 
bone density spectram. The transverse trahecufse har- 
vested frem specimens who performed heavy work (in 
particular, weightlifers) were thick and dense. In addi 
tion, where the transverse trabeculae intersected with 
the vertical columns, the joints were characterized by 
heavy bony gusseting, similar to what a welder would 
weld 1 strengthen 2 right-angled joint, The transverse 
‘trabeculae appear to be crucial in determining eompres- 
sive strength. 


Figure 4.3 Under compressive loading, bulg- 
ing of the end plate causes buckling stresses in 
the vertical trabeculae, which, when excessive 
cause damage in the transverse trabeculae. 
Note (2) the vertical from compression) and (6) 
horizontal (rom tension) cracks in the transverse 
trabeculae. 
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Yoeanather observed failure mecha- 
vismafthe ventral body i termed Sa 
the “slow crush,” in which extensive 
walecular damage is observed without ge 
concomitant loss of stiffness or abrupt 
change in the lead-deformation rela- 
tionship (Gunning, Callaghan, and 
McGill, 2001) (Gee figure 45). Since 
slope change in the load-deformation Ee 
relationship isofien used toidentifythe Se 
yield pointyorthe initial tissue damage, a 
this injury ean go unnoticed, [nierest= 
ingly enough, vertebrae failing under Figure 4.4 With aging, the tansverse or horizontal trabeculae thin 
ever-inereasing compressive load will anil eventually lose their silty to support the verical vabeculae, 
gradually increase in stifiness, 4 testa which can then buckle, causing vertebral eellapse. (a) A healthy 
ment to the wonderful architecture of rebecularbenenewwork froma 47-year-old woman, () Peroration 
the transverse and vertical trabeculae. in. horizontal rabecula in an elderly woman, 
Also interesting isthe load-rate depen- own ors dom Vo. 21, Siva sen Moding te recone 
dence offone strength as thee plats "et rw dn! chan esc 
scat fal fee ao hed Frey, C7108 109 oth pn nrc 
while the vertebral bony elemenis fail at higher load rates Gee figure 4.6). 

Both the disc and the vereehrae deform while supporting spinal loads. Under excessive 
‘compressive loading, the bulging of the end plates into the vertebral bodies also causes radial 
sresses in the end plate sufficient to cause fracture ina stellare pattem (see figure 4.7). These 
fracrures, or cracks, in the end pte are sometimes sufficiently large to allow the liquid miciens 
to squire through the end plate iota the vertebral hody (McGill, 1997) (see Aigures 4 Band 4.9), 
Sometimes. Ineal ares of hone collapses under the end plate co create a pit or crater that goes 
‘on to form theelassic Schmorls node (se figure 4.10, s-b). This type oF injury is associated with 
‘compression of the spine whea the spine is within the neutral range of motion (i, not Mexedy 
heent, or ovisted), In my experience, ths type of compressive injury is very common and! often 
risdiagnosed asa hemiated disc due to che flattened interdiscal space seen on planar X-rays, 
However, note that in end-plae fractures, the annulus ofthe disc remains intact. It is simply a 
‘ase of the nucleus leaving the disc and progressing through the end plate into the cancellous 
‘core of the vertebra (sometimes referred to 2s 2 vertical herniation). Over the years we have 
‘compressed over 400 spinal units in a neutral posture, and all bur two resulted in end-plate 
fractures as the primary tissue damage. 


Figure 4.5. (a) Massive trabecular damage found during the dissection and rernoval of marrow following an excessive 
“slow crush” compressive locd. (b| Higher magnification of the crush racture. Even this massive fracture was rot clear on 
X-ray oF any other examination method 
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Figure 4.6 Compression injuries at different load rates. At low rates of compressive load the end 
plate appears to be the frst structure to fail, but bone will facture frst under higher rates of load. 


Figure 47 Siellate-patterned end-plate iracture indicated with arrow) oceurs as the nucleus 
pressurized under compressive load, which causes it to bulge the end plate imparting tensile sires, 


Figure 4.8. Uircler comprossve loading the nucleus pressurizes, causing the end plate wo bulge into the vertebral hogy. 
With excessive radial-tensile srs the end plate rill fracture and the viscous ruclous will squift through the ersck ine 
the vertebral hed 
40 
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Figure 4.9 Following amore severe ond- Figure 4.10 fn addltion to end plate fractures, ether injuries 
plate fracture, apertion of he nucleus has to the end plate under compressive load include (a) “pits,” 


squirted thrcugh into the vertebral body ‘which occur as trabecular lone fractures in small areas under 
(shown at the tip of the scalpel and the the end plate. These go on lo fonn Schmarl’s nodes. (b) A 
arrow), This is a porcine specimen. Schmorl's node is shown atthe ti of the arrow. 
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End-Plate Fractures 


1 my experience, en-plate facture with the loss of nuclear fluids through the crack into the vertebral body 
(often forming Schmorts nodes) is avery common compressive injury and! perhaps the most misciagnosed, Loss 
OF the disc nucleus results in a flattened interdiscal space that when Seen-on planar X-raysis usualy diagnosed 
a5 a herniated disc or “degenerated disc.” However, the annulus of the disc remains intact. Its simply a case 
Of the nucleus squirting through the end-plate crack into the cancellous core of the vertebra. True disc hernia 
tion requires very special mechanical conditions that will be described shortly. When compressing spines in 
the lab, we hear an audible “pop” at the instant of end-plateiracture—exactly what patients report when they 
doscrie details of the event that cesulted in their pain. | also srangly suspect that some fractures are somewhat 
benign in that no immediate severe pain occurs, Others, however, may be instantaneously acute: it depends 
fon the biomechanical changes that accompany the fracture. If there is substantial loss of the nucleus from the 
disc (i, itis vertically hemiated), then immediate loss of disc height and subsequent compromise of nerve 
root space will result, At this point the end-plate fracture will mimic the symptoms bf true herniation—ancther 
reason for the common misdiagnosis, 


Posterior Elements of the Vertebrae 


"The posterior elements of the vertebrae (pedicles, laminae, spinous proceses, and facet joints) 
have a shell of cortical bone but contain a cancellous bony core in the thick sections, The trans- 
‘verse processes project laterally together with a superior and an inferior par of facet joints (see 
figure 4.1). On the lateral surface of the hone that forms the superior facets are the accessory 
andl mamillary processes that, together with the transverse process, are major attachment sites 
‘of the longissimus and ilioeostais extensor musele groups (described later). The facet jaints are 
‘ypieal synovial jointsin that the articularing surfaces are covered with hyaline cartilage and are 
conained within a capsule. Fibroadipose enlargements, or meniscoids, are found around the 
rim of the facet, athough mostly at the proximal and distal edgcs (Bogduk and Engel, 1984), 
which have been implicated as a possible structure that could “bind” andl lock che Facet joint 
(Gee figure 4.11, 2-b). 

“The neural arch in general (pedicles and laminae) appears to be somewhat flexible. Infact, 
Bedzinski (1992) demonstrated Nesibility ofthe pars interarticularis during Hlexion-extension of 
cadhaveric spines, while Dickey and colleagues (1996) documented up tothree-degree changes of 
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The Posterior Elements of the Vertebrae Are Flexible 


In “Understanding Vertebral Mechanics" on page 38, 1 recommended obsaining a vertebra from the butcher 
Grasp the vertebral body in one hand and the whole neural arch in the other. Bend the arch up and dawn and. 
note the flexibility. This flexural displacement occurs in each eycle-of fll spine flexion-estension common in 
events such as women’s gymnastics (ligure 4.12). this cycling continues, the stress reversals will eventually 
‘cause a fatigue crack in the pars, Further repetition will cause the crack to propagate through the full width of 


the pars, eveniuelly resulting In fracture—and in vivo, the condition of spondylolisthesis, 
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igure 4.11 (a) Laieral view of the inferior articular 
process revealing the facet, the ioadipose meniscoids, 
and the adipose tissue pad, which have been implicated 
Injoint binding, (b) Cross seczion of the posterior view of 
the facet joint, showing the postions ofthe broad pose 
Imenscalds and the arlipose tissue pads in the joint 
Revie by peeisson fen Behr, 2005, Kn anstony, ne 
(Champaign 4! Huan ines 1 


the right pedicle with respect to the let pedicle 
during quite mild daily avtivives using pedicle 
screws in vivo, Failure ofthese elements together 
with facet damage, leading to spondylolisthesis, is 
sometimes blamed exclusively on anterior-poste- 
riot shear forves, However, acase could be made 
from epidemiological evidence in athletes suchas 
gymnasts and Australian cricket bowlers (Hard- 
castle, Annear, and Foster, 1992) that the damage 
to these posterior elementsmay also he associated 
with fall range of motion. In fer the fister the 
bowler, the higher the risk of fatigue fracture 
(Ransyat etal, 2003), Theeyelie fll spine flexion 
anil extension in there sorts of acsivities fatigue 
the arch with repented stress reversals. 

On the other hand, there is no doubt chat 
excessive shear forces cause injury to these pos- 
terior vertebral elements. Posterior shear of the 
superior vertebrie can lead to ligamentous dimage 
but also failure in the vertebra itself, as the end 
plate often avulses from the rest of the vertebral 
body Cingling and McGill, 199%) (see figure 
4.13). Roth our lab observations and discussions 
With international collegues have reinforced our 
suspicion that this type of fuilure may be more 
common in the adolescent and geriatric spine 
than in the young are! mildle-aged adale spine, 
Further work is needed for confirmation, 

ripron and colleagues (1995) documented 
that anterior shear ofthe superior vertebra causes 
pars and facet Fracture leading tospondylolisthesis 
With» typical tolerance of an adule lumbar spine 
of approximately 2000 N, Although simiarinjury 
mechanisms and tolerance values were observed 
in young porcine spine specimens (Yingling 
anil McGill, 199%, 19995), the type of injury 
appeared to he modulated by loading rate. Spevifi- 


cally, anterior shear forces produced undefinable soft tissue injury at low load rates (100 N/s), 
‘but Fractures of the pars, facet face, and vertebral body were observed at higher load rates (7000) 


N/). Posterior shear forees appli 


at low load rates produced undefinable soft tissue failure 


and vertebral body fracture, while chose forces at higher load rates produced wedge fractures 


and facet damage 


‘While shear tolerance ofthe vertebral motion unit appears to be in the range of 2009 to 2800, 
for one-time loading, Norman and colleagues (1998) noticed an increase in reported back pain 
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Figure 4.12 Repetitive gymmasties moves such as this cause stress-stain Figure 4.13 Shear injures include 

reversals in the pars. In sufficient numbers they will result in fatigue frac- fracture oi the facet base and, on 

ture—leading to spordylolstesi accasion, encplate avulsion fom the 
vertebrae 


and neural arch defects are endemic among female gyrmnests and cricket bowlers, to name 
a few, Patients with spondylolistiesis generally do not do well with therapeutic exercise that takes the spine 
through the range of motion; rather, stability should be the rehabilitation objective. Kanawat and colleagues 
(2003) have made a strong case for conservative approaches, which were successful even with cricke: bowlers, 
as only a few needed follow-up surgical intervention, 1 have been involved in litigation cases in which clear 
spondylolisthesis existed but was alleged to be related to a specific event (for example, a recently occurring 
automobile accident). In surgery, however, there was evidence of substantial osteogenic activity, suggesting that 
the injury was quite old. n fact, these patients (former gymnasts) must have had this damage while competing 
but were so fitand their spines were so stable that thoy were able to remain in competition. Following retiro- 
ment, having children, and losing fitness, a rather minor event became the instigator of their symptoms. 


in vivo in jobs that exposed workers to repetitive shear loads greater than 500 N. We consider 
these the best guidelines currently avaiable. 

A final note is relevant for repeated and prolonged extension postures and motions associ- 
ated with the McKenzie approach discussed later in this book. Some individuals have “kissing 
spines” in which adjacent posterior spines collide in full extension at one level. The involved 
level is usually due to a simple case of anatomic variation. These may become more frequent in 
people with dice height loss where the posterior spine hecomes more approximated. Jim Taploe 


(Twomey and Tayler, 1987) has noted destructive changes in the interspinous ligaments as they 
arc repeatedly erushed atthe kissing spins lev He deserbed the changes the developmentof x 
procartilaginos covering on iheculiding bone and a burst-lkecavity surrounded by fac lined with 
synovial membrane." Thereis no question regarding theefiicac of the McKenaie extension routines 
for some acute discogenic back patients, Iam ciutious about having people routinely engage in 
these postures following recovery from the acute episode—the spine may pay a price. 
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Nucleus, 


Intervertebral Disc _ 


“The intervertebral ise has three major component 
the nucleus pulposus, annulus fibrosus, and end 
plates. The nucleus has a gel-like character with col- 
Tagen fibrils suspended in a base of water and various 
:mucopolysaccharides giving it both viscosity and some 
elastic response when perturbed in vitro, At the risk 
of sounding crude, the best way to describe a healthy 
rmucleus is that it looks and feels ike heavy phlegm. 
Daring in vitra testing wehave hail itsquire out under 
pressure and literally stick to the wall. While the 
‘no dstines border betwoen the nucleus and the annu. 
Jus, the lamellae ofehe annulus hecome more distinct, 
ioving radially outwand. The collagen fibers of exch 
lamina are obliquely oriented (che obliquity run in 
——_____________________ the opposite direction in ech concentric lamella), The 
igure 4.14 Cros section ofthe inenenebol dic. ends ofthe collagen fibers anchor into the vertebral 
Kepritetypermion ron C vingandk. Zam 48, hedy with Sharpey’s fibers in the outermost lamella, 
Dione of Meee ny amps. Xa while the inner Albers attach to the end plte (the end 
plate was discussed in a previous section). The dists 
in cross section resemble a rounded triangle in the thoracic region and an ellipse in the lumibar 

region, suggesting anisotropic facilitation of twisting and henvling (see figure +14) 


Load-Bearing Abilities 


“The dive behaves ava hydrostatic structure that allows six degrees of motion between vertebrae. 
[sability t bear load, however, depends on itsshape and geometry. Due to the orientation of the 
collagen fibers within the concentric rings of theannulus, with one-half ofthe fibers oblique to 
the other half, the annulus sable to resist loads when the discs twisted. However, only half of 
the fibers are able to support thismode of loading, while the other half become disabled, result~ 
ing ina substantial loss of strength or ability to bear load. The annulus and the nucleus work 
her to support compressive load when the disc is subjected to bending and compression 

Under spine compression the nucleus pressurizes, applying hydraulic forces to the end plates 
vertically and to the inner annulus laterally. This eauses the annulus collagen fibers to bulge 
‘outward and become tensed. Years ago, Markclf and Morris (1974) elegantly demonsteated that 
adise with the nucleus removes lost hight burpreserve 

creep, and relaxation rates, The fact that the nucleus appears necessary to preserve dise height 
has implications for facet loading, shear stiffness, and ligament mechanics. 

Ik is rotwworthy thae dive damage is most often accompanied by subdiveal bone damage 
(Gunning, Callaghan, and McGill, 2001). In fact, Keller and colleagues (1993) noted the 
interdependence of bone status and dise health. Recent evidence also suggests that excessive 
compression can lead to altered cell metabolism within the nucleus and increased rates of cell 
death (apoptosis) (Lotz and Chin, 2000). Thus, the evidence suggests that compressive loading 
involving lower compressive loads stimulates healthy bone (noted as correlate of disc health) 
but that excessive loading leads to tissue breakdown, 


much ofits properties of axial stiffness, 


Progressive Disc Injury 


Consideration of progressive dise injury is in order here. A normal dive under compression 
deforms mainly the end plates vertically together with lesser outward bulging of the annu- 
lus (Brinckmann, Biggemann, and Hilweg, 188). However, if litle hpdrosatic pressure 
is present, as in the case in which the nucleus has been lost through end-plate fracture or 
herniation, the outer annulus bulges outward and the inner annulas bulges inward during 
dise compression (see figure +15, a-b). This double convex bulging causes the laminae of 
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Figure 4.15 (2) in a healthy joint with a contained nucleus there is minimal annulus delormation under compressive 
ead. (b) I the nucteus loses pressure (due to an endplate fracture, for example), the annulus compresses, causing radial 
1g hoth outward and inward \arrows) and producing delaminating stresses as the annulus layers are pulled apart. 


the annulus to separate, or delaminate, and has been 

hypothesized as a pathway for nuclear material to leak 

‘through the lamellae layers and finally extrude, ereatin 

siurtlersined dic eran Day 95). EES 
Another inceresting proposal has been recently put While we have not performed fot of 

forth by Professor Adams (personal communication). He research on the effect of twisting om the 

hassuggested that ahealthy disc builds interval pressures _dlses, It appears that repeated twisting 

‘under compressive loads that are so high that no nerveor causes the annulus to slowly delaminate. 

vascular yessel could survive, Following initial end-plate This is evidenced by the tracking of the 

damage, the disecan no longer build substantial pressure nucleus intothe annulus inal directions, 

sach that nerves and blood vessels areable to invade the While we do not yee know the relation 

disc. These are more possbilitiestoesplain the increased ship between number of cycles and loads, 

vasculrization of degenerated” disesand their ahilitytn we éo know that added torsion reduces 

generate pain. the compressive strength ofthe joint (Ault- 
From a review of the literature, one ean make four-man etal, 2004), 

general conclusions about annulus injury and the result- 

ing bulging or herniation: 


+ Te would appear that the dise must be bent to the full end range of motion in onder to 
hherniate (Adhns and Hutton, 1982). 

* Disc herniation is associated not only with extreme deviated posture, ether fully flexed 
co bent, bat also with repeated loadingin the neighborhood of thousands of times high- 
lighting the role of fatigue as a mechanism of injury (Gordon et al, 1991; King, 1993), 

+ Epidemiological data Kink herniation with sedentary oceupations and the siting posture 
(Wideman, Nurminen, and Troup, 1990), In fact, Willer and colleagues (1998) deew- 
mented annular tearsin young calf spines from prolonged simulated siting posturesand 
cyclic compressive loading (ve, simulated truck driving), 

+ Herniations tend to occur in younger spines (Adams and Hutton, 1985), meaning those 
with higher water content (Adams and Muir, 1976) nd more hydraulic behavior. Older 
spines do not appear to exhibitchssic extrusion of nuclear material but rather are char- 
acterized by delamination of the annulus layer and radial cracks that appear to progress 
with repeated lading (a nice review is provided by Goel. Monroe, et al, 1995), 


Acoupleof yearsago we sought the most potent mechanism leadingeto disc herniation. Given 
that itwas critical to create a homogenenus cohort of specimens, we chose a pig spine model, 
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Figure 4.16 Rehabilitation devices such 
2s this attempt to isolate lumbar motion 
by ostending against a resistance pad but 
create simullancous lumbar compression 
We found that replicating the full ange 
ff motion from fall flexion to neutral and 
sing the compressive loads of these devices 


were powerful combinations to produce 
disc herniation 
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controlling diet, physical activity, genetic makeup, de degen. 

eration, and s0 forth, We found that repeated flexion motion 
under sisnaltancous compressive loading was the easiest way 
to ensure herniation. In fact, it turned out that the numbers of 
cycles of flexion motion were more important than the accual 
magnitude of compressive load. While no hemiations were 
produced with 260) N of compressive load and up to 85,000 
flexion cycles, herniations were produced with 867 N of load 
and 22,000 to 28,000 cycles, and with 1472 Nand only 5000 to 
9800eycles (Callaghan and McGill, 2001). Clearly, herniations 
are a function of repeated fullflesion motion eyeles with only 

a modest level oF accompanying compressive load. In fiet, we 
mimicked ehe lumbar motion and leading of a typical spine 
rehabilitation machine where the cated patient belts down the 
pelvis to isolate the lumber spine and then extends the torso 


repetitively agains a resistance over the midback. (Amacinl, 
some people are trained en this type of machine, even those 
with known disc herniations! (See figure 4.16) The time series 
radiographs (ee figure 4.17) demonstrated the progression of 
the miclear materal tricking through the annulus with sue- 
cessive motion cycles. The hemiated dise appears to result 


from cumulative trauma: Even though we have crushed well 
‘over 400 vertebral motion segments, we have only once or twice observed a herniation without 
‘concomitant flexion eycles. Note that we are including both frank herniation and visible dise 
Fralges (se figure 4.18) under this category of injury mechani 

‘Our most recent work on dise herniation uncovered the dependeney af the location of the 
herniating bulge on the sxis of motion (Aultman et al, 2005). For example, in 20 motion seg. 
rents, we flexed them repeatedly about an axis thar was 30? rotated from the pure flexion axis 
(mestly flexion with some lateral bend). One specimen simply failed abruptly and was removed. 


Figure 4.17 Serial radiographs sherving the initial containment of the 
rediocontas in the nucleus and, with repeated full-flexion motion (with 
about 1400 N of compression), the: progressive pesterior backing of the 
‘contast until rank herniation, 

Regist om Cll Soman, 16 | Calaghan and SM, NEG “ever de 


Figure 4.18 Repeated feaion can wesiltin, 
3 frank hemiatian or a bulge, shawn here 
in a specimen with the lamina removed 
to expose the posterior disc, which can 
impinge on nerves causing symptoms. Note 
that the nucteus was injected with a dye so 
that the bulge is more Visible arrow), 
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invance” Mechanisms of Annulus Failure (Herniation) 


Damage to the annulus of the disc (herniation) appesrs to be associated with fully flexing the spine 
fora repeated or prolonged pertad af time, In fact, herniation of the disc seems almost impossible 
‘without ful flexion, This has implications for exercise prescription particularly for levion stretch- 
ing.and sit-ups or for activities such as prolonged sitting, all of which are characterized by 2 flexed 
spine. Some resistance exercise machines that take the spine to full flexion repeatedly must be 
carsidered for those interested in sparing the pesterior annulus portions oftheir discs. Furthermore, 
the mechanisin by which the process can be interrupted appears to he postural dependert, provid- 
ing some more insighe into the mechanism of the McKenzie approach. 


Jn the remaining 10, the berniaion track wasaway 
from the axis of rotation (ee figure 4.19). 

We have abo been able wo add more insight 
0 the McKenzie therapy approach, which is 
based on extended postures, The theory is that 
an extended posture drives the nucleus forward 
within the disc, We have found that the hernia~ 
tion process begins from failure in theinnermost 
annulus rings and progresses radially outward. 
‘The layers of theannulusdelaminate and fll with 
rudeus material. We now have proof that the 
extended posture can drive the mucleus material 
‘hatisin the delaminated pockets ofthe posterior 
nucleus back toward the central part of the dise 
Geannell and McGill, 2005). 

Also worth noting here is Uhe inteigying © ££ 
hypothessof Bogdukand Twomey, who havesuse Figure 4.19 Thing the lesen axis 30° away from pure 
gested the possibility ofan annularsprain”simi- flexion caused the nucleus to track ina dtection away 
birtoa spraimofthe ankle ligaments (Bogduand fem the axis(Aaliman etal, 2005), This motion depen- 
“Twomey, 1991), "They hypothesized tha te outer AS: bas powerul potential forthe design of exccie 
livers ofthe annulus experience excessive rain ("those with known posteriorlateal disc bulges 
under torsion. Given that these authors have presented evidence for the presence of nerve fibers 
particularly in this region, the annulus appears to be a good eandidhte for a source of pain, 


Muscles 


“Traditional anatomical descriptions of the spine musculature have tken a posterior vantagepeint. 
‘This has hindered insight into the role of these muscles since many ofthe funetionally relevant 
aspects are better viewed in the sagittal plane, (Fora nice synopsis of the sagittal plane lines of 


EEE Clinical Relevance: Location of Dise Bulge and Designing Exercise 


‘A poseriorlateral disc bulge is usually caused by repeated flexion of the disc about an axis cut 
ting across the cise perpendicular to the herniating rack. This is powerful hnawledge for exercise 
intervention, since further motion aboutths exis would exacerbate the herniation, We arecurrenily 
investigating whetherextending about the same axis will reduce the tracking, Further, this knowledge 
{ives clues for hetier prevention, Look for a dominant motion pattern in a patient’ daily routine 
Consistent withthe bulge location and eliminate it.I the causative motion pattern is an element of 
‘an athletic eventin which the patient competes, major decisions will need to bemade, More motion 
will only ensure the inevitable—can the technique be changed to eliminate the causative motion? 
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action, sce Bogduk, 1980; Macintosh and Bogdok, 1987.) Furthermore, many have developed 
their understanding of muscle function by simply interpreting the lines of ecton and region of 
attachment, assuming that the muscles act as straight-line cables, This may be misleading. 

Understanding the function and purpose of each muscle requires two perspectives. First, 
knowledge of static muscle morphology is essential, though it may change orer a range of 
motion. Second, knowledge of activation-time histories of the musculature must be obtained 
‘over a wide variety of movement and loading tasks. Muscles create force, but these forces play 
roles in moment production for movement and in stabilizing joints for safety and performance, 
Further understanding of the motor control system strategies chosen to supportextemal loads 
andrmintain stability requiresthe interpretation of anatomy, mechanics, and activation profiles. 
‘This ection will enhance the discussion of anatomically based issues oF the spine rmuseulature 
and will blend the resultsofvarions electrom yographic (EMG) studies to help interpret funesion 
and the functional aspeess of motor control. 


Muscle Size 


‘The physiologic cross-sectional area (PCSA) of muscle determines the foree-producing potential, 
while the line of action and moment arm determine the effect of the force in moment produc 
tion, stabilization, and so forth, Itiserroneousto estimate muscle force based on muscle volume 
without accounting for fiber architecture or by taking transverse scans to measure anatomical 
cross-sectional areas (McGill, Patt, and Norman, 1988), Using areas directly abained from 
computed tomography (CT) or mignetie resonance imaging (MRD slices has led te errame- 
‘ous force estimates and interpretations of spine funetion, In such cases, sinee a large number 
of muscle fibers are not seen in a single trinsverse sean of a pennated muscle, muscle forces 
are underestimated. Thus, areas obtained from MRI or CT scans must be correeted for fber 
architecture and scan plane obliquity (McGill, Sanaguida, and Stevens, 1993), 

In igure 4.20, cransverse seansofione 
subject show the changing shape of the 
torso muscles over the thoracolumbar 
region, highifghting the need tocombine 
transverse scan data with data document 
ing fiher architecture obtained from 
dissection, In this example, the thorac 
extensors (longissimusthoracis and ilio- 
ceostalis lumborum) seen ar TY provide 

‘moment at L4, even though 
are not seen in the LA scan, Only 
tendons overlie the L4 extensors. A 
sogiital plane schematic shows theerrors 
in measuring muscle craseseetional area 
from a single transverse slice—which 
has caused some to underestimate the 
potential of the muscle, 

Raw muscle PCSAs and moment arms 
(McGill, Santaguida, and Stevens, 1993) 
fe provided in appendix A.1, Areas cor- 
rected for blique ines of action areshown 
in table 4.1 for some selected muscles at 
several level ofthe thoracokumbar spine 
Guidelines for estimating true physi 
‘logical areas are provided in. McGill and 


Figure 4.20 Transverse scans of ane subject (supine) atthe levels 
‘of 19, LT, L4, and S1, showing the musculature in cross section, 
Note that many muscles scen at mare superior levels pass tendons 
‘over the lower levels transmitting force. his illustrates the error in 
simply using a single scan to estimate muscle force and moment 


korean colleges (1988), Other recent souresof 
asin te fond msn on Tong Faw ase: yeometzy obtained roan MRL 
Ser lr muscie fiber onertation, 171, for both males and females are found in 


‘Marras and colleagues (2001). 
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Table 4.1 Corrected Muscle Cross-Sectional Areas 

‘Afew examples of carected cross-sectional areas, arteriripesterior moment arms, an lateral moment 
arms perpendicular to the muscle fiter line of actin using the cosines Isted in Mell Plt, and Norman 
(1988), These are the values that should be used in biomechanical models rather than the uncorrected 
\alues obiained lectly from scan slices. 


‘Cross-sectional area | Moment arms | Moment arms 

Muscle" (one {antipost) (mm) | (lateral) (rm) 

Longissimus pars 

lumborum Bu ou st 

Quadraius lumborum | L1-L2 358 a a 
wu 507 32 55 
pene) 582 29 59 
Las 328 i6 39 

Exernal oblique fea) 421 7 v0 

Internal oblique [exe 1154 20 


they sui at le degited onal aan ses 


-Momentarmsofthe abdominal mascutarure are generally ebtained from CT-or MRI-based 
soudies. Generally sabjeets ie supine or prone within the MRI ar CT seznner. and the distance 
from their spine tothe muscle centroid is measured. Lying on their backs in this posture causes 
the abdominal contents to collapse posteriorly under gravity (McGill, Juker, and Axler, 1926). 
In real life and during standing, the abvlomiinal muscles are pushed away for the spine by 
the visceral contents. Recent, research has shown that CT or MRI studies ofthe abdovsinal 
muscle moment arms obtained frem subjects in the supine posture underestimated the true 
values by 30%. 

In summary, understanding the force and mechanical potential of muscles requires an 
appreciation for the curving line of action, which is best obtained in the anatomy lab. But, 
‘unfortunately, these specimens are usually atrophied, eliminating them asa source for muscle 
size estimates. Muscle areas obtained from various medical imaging techniques need to he eor- 
rected to account for fiber architecture and contractile components thar do not appear in the 
particular scan level (for example, ely the tendon passes the level) Further, moment arms for 
‘muscle lines of action fram subjects who are lying down need ta he adjusted for application to 
upright postures mainained in eal life. 


Muscle Groups 


“This section describes specific muscle groups fom a functional perspective and introduces 
some issues fundamental for understanding mjury avoidance and the choice of appropriate 
rehabilitation approach, 


Rotatores and Intertransversarii 


May anatomical textbooks describe the fanction of the small rotator muscles of the spine, 
which attach to adjacent vertebrae, as ereating axial ewisting torque. This is consistent vith 
their nomenclature (rotatores). Similarly, the intertransversarii are often assigned the role 
‘of lateral Hexion, These proposals have several problems. First, these small muscles (sex 
figure 4.21) have such stall PCSAs that they cen generate only a few newtons of force, 
and second, they work through such a small moment arm that their toral contribution co 
rotational axial twisting and bending torque is minimal, For these reasons, I believe they 
serve another function, 
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Lovator 
costarumbrevi 


Quadratus 
fumborum 


Figure 4.21 Short muscles of the spine: levator costarum Io 
transverse medialis, intorvansverse lateralis, rotatores, and interspinalis. They have been described 
erroneously as creating asial twisting torque. 


levator costarum brevi, inter 


“The rotatoresand intertransversari mascles are highly rich in muscle spindles, approximately 
4.5 10 7.3 times richer than the mules (Nitz and Peck, 1086). This evidonce suggeststhat they 
ray function as length transducers or vertebral position sensors at every thoracic and lumbar 
join. In some EMG experiments we performed a number of years ago, we placed indwelling 
slectrodes very close to the vertebra. [none case we had a sting suspicion thar the electrode 
‘asin a rouitor muscle. The subject attempted to perform isometric twisting efforts with the 
spine untwisted (or constrained in a neutral postare) in both directions tut produced no EMG: 
activity ftom the rotator—only the usual activity in the abdominal obliques and so on. However, 
when the subject tried to twist in one direction (with minimal muscular effort), there was no 
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[iirvxsce>” Manual Therapy and the Function of the Rotatores and Intertransversarii 


We now suspect that the rtatores and intertransversarifare actually length transdicers and thereby 
position sensors, sensing the positioning af each spinal motion unit. These structures are likely 
affected during various types of manual therapy with the joint at end range af motion (a posture 
used in chiropractic tochnique, for example), 


response, while inthe other direetion there wasmajor activity ‘This particular rotarnrseemed not 
tn he activared to ereare axial rwisting torque hut rather in response to twisted position change. 
‘Thus, itsactivity was elicited as a function of twisted position—which was not consiseent with 
the role of creating torque to twist the spine, This is stronger evidence that these muscles are 
pot rotators at all but function as position transducers in the spine proprioception system, 


Extensors: Longissimus, liocostalis, and Multifidus Groups 


‘The major extensors of the thoracolumbar spine are the longissimus, iliocostalis, and mulifi 
dus groups, Although the longissimus and iliocostalis yroups are often separated in anatomy 
books, ir may be more enlightening in a functional contest to recognize the thoracic portions 
‘of both of these muscles as one group and the lumbar portions as another group. The lumbar 
and thoracic portions are architecturally (Bogdu, 1980) and funetionally different (McGill and 
Norman, 1987). Begeluk (1980) partitions the lumbar and thoracie porsions of these muscles 
into longisimus thoricis pars lamborum and pars thoracis, and iiocostalis humborum pars 
lumborum and pars thoracis, 

“These two functional groups (pars lumborum, which attach co lumbar vertebrae; and pars 
thoracis, which attich tw thorade vertebrae) form quite a marvelous architecture for several 
reasons and are discussed in a functional context with this distinction (Le.. pars lumborum vs 
pars thoracis). Fiber typing studies note differences between the lumbar and thoracic sections: 
“The thoracic sections contain approximately 75% sow-twitch fibers, while lumbar sections are 
generally evenly mixed (Sirca and Kosteve, 1985), The pars thoracs components of these two 
muscles attach tothe ribs and vertebral components and have relatively short contractile fibers 
‘vith long tendons that ran parallel to the spine to their origins on the posterior surface of the 
sacrum and medial border ofthe iliac crests (see figure 4.22). Furthermore, their line of action 
‘over the lower thoracic and lumbar region is just underneath the fascia, suck that Forces in these 
muscles have the greatest possihle moment arm and therefore produce the greatest amount 
of extensor moment with a minimum of 
‘compressive penalty tothe spine (ce figure 
4.23), Whea scen on a transverse MRI or 
CT sean at a lumbar level, pars thoracis 
tendons have the ureatestextensor moment 
arm, overlying the lumbar bulk—often 
‘over 10cm in) (McGill, Patt, and 
Nonman, 1988; McGill, Santaguida, and 
Stevens, 1993) (we figure 424). 

“The lumbar compements of these rmus- 
des(ilocostalislumborum pars humbarum 
and longissimus thoracis pars lumhorum) 
are very different anatomically and fune= 
tionally fron 
“They connect to the manillary, secessory, 
and transverse processes of the lumbar 
vertebrae and originate, once again, over Figure 4.22 An isolated bundle of longissimus thoracis pars 
the posterior sicrum and medial aspect of —thoracis(isertingon the ribs at 1), with tendonshitted by probes, 
the iliac crest. Exch vertebra is connected course overthe ull lumbar spine to thet sacral origin. They have 
bilaterally with separate laminae of these a very large extensor moment arm (just undmeath the skin), 


their thoracie namesakes, 
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Figure 4.24 (a, b) The moment armis ofthe pars lumborum 
porions of liocosalis anc! longissimus. (c) The large moment 
arm of the pars thoracisilocostalis and longissimus muscles 
xlves them their abfify to create major lumbar extensor 
moments. The lines of action of () the parslumborum portion 
€f longissimus, (e) the pars lumborum portion of iliacostals, 
and (/)the parsthoracis portion of longissimus and iocostalls 
jinat their common point of origin atthe sacral spine. (g) The 
‘mechanical fulcrum or the axis about which muscles create 
moments is indicated by the diamond shape. 


Figure 4.23 This world-class pawerlite: exemplifies the 
hypertrophied bulk of the iliocostalis and longissimus 
‘muscles seen in trained lifters, This muscle bulk isin the 
thoracic region, but the tendons span the entire lumbar 
spine, 


muscles (ee figure 4.25). Their line of action isnot parallel to the compressive axis of the spine 
bbutrather has a posterior and caudal direction that causes them to generate posterior shear forces 
tugether with extensor moment on the superior vertebrae (se figure 4.26), ‘These posterior shear 
forces support any anterior reaction shear forces of the upper vertebrae that are produced as 
the upper body is flexed forward in a typical lftng postare. It is important to clarify that this 
flexion of the torso is accomplished through hip rotation, not lumbar flexion, ‘These muscles 
lose their oblique line of action and reorient to the compressive axs of the spine with lumbar 
flexion (McGill, Hughson, and Parks, 2000) so thara flexed spine is unable to resist damaging 
shear forces (sce figure 4.27, «-d), This possible injury mechanism, together with activation 
profiles during clinically relevant activities, is addressed in a later section. 

‘The mulkifidus museles perform quite 4 different function from those of the longissimus 
and iliocostalis groups, particularly in the umhar region where they sttach posteriar spines of 
adjacent vertebrae or span two or three segments (see Figure 4.28). Their line of action tends 
tw be parallel to the compressive axis or in some eases runs anteriorly and caudal in an oblique 
rection. The major mechanically elevant feature ofthe muhifidii, however, is that since they 
span only a few joints, ther forces affect only local areas ofthe spine. Therefore, the rmulifidas 
muscles are involved in producing extensor torque (together with very small amounts of wist- 
ing and side-bending torque) but only provide the ability for corrections, or moment support, 
at specific joints that may he the foci oF stresses, Interestingly, the multfdus muscles appear to 
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Figure 4.25 _Iliocosials limborum parslumborum 
and longissimus thoracis pais lumborum originate 
‘over the posterior surface of the sacrum, fallow a 
vory superficial pathway, and then dive-ebliquely 
to their vertebral attachments. This oblique orienta. 
tion creates posterior choar (8) Forces and extensor 
momentson each successive superior vertebra, The 
compressive anis (C) is indicated. 


Figure 4.26 The oblique angle of the lumbar por- 
tions of longissimus and iliocostalis fs seen in vivo 
in this MRI picture. Their line of force (F) Is shown 
relativeto the compressive axis (C. 


Figure 4.27 The oblique angle ofthe lumbar portions of the iliocostalis lumborum and longissimus thoracs 
protects the spine agains large anterior shear forces, However, thisability isa function of spine curvature. (a) 
‘Aneutral spine and ib) the oblique angle ofthese muscles as viewed with an ultrasound imager. (¢) The loss 
Of this angle with spine flexion (¢) s0 that anterior shear forces cannot be counteracted, This ensures shear 
stability and is another reason to consider adopting a neutral spine during ilexed weightholding tasks, 
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Lamonse of multifidue 


Wiecdstais Loncissimus 


Figure 4.28 Mulifidus is actually a series of laminae 
that can span one to three vertebral segmenss. Their lines 
‘faction do net support anterior shear of the superior 
vertebrae bur actualy conibute ti. Examining their 
‘cross-sectional area reveals thatthe mubiidus ist ela 
tively small lumbar extensor 

rage courte f Pinal Pes 


the muscle of choice for “stopping” thoracicand high lumbar “hinges” in painful bu 


have quite low muscle spindle density—certainly 
less than the iliocostalis or longissimus muscles 
(Amonoo-Kuofi, 1983), This may be due wo their 
more medial location and subsequent smaller 
length excursions (see table 42 for musde length 
changes, which were assessed using a number of 
extreme pestures depicted in figure 5.1 on page 
74), An injary mechanism involving inappropri- 
ste neural activetion signals to the multifidus is 
proposed in chapter 5, using an example of injury 
observed in the lbborstory. Tis also worth noxing 
here, given the recent emphasis on maltifidus, 
that some people have considered more lateral 
portions of the exteniors to be muleifidus, This 
has presented some problems in both functional 
interpretation and rehabilitation, 


A Note on Latissimus Dorsi 


Latissimus dorsi is involved in Iumbar extensor 
moment generation ands often acting asa major 
stabilizer. Its origina each lumbar spinous process 
vin the lamhodorsal fascia and insertion on the 
humerus gives ita very large extensor moment 
arm(sce Agure 4.29), During pulling and lifting 
‘motion, the latissimus is active (see chapter 5), 
which has implications for its role and how itis 
‘wained fr fanetional motion patterns. Ieis often 

chs andisalso 


very important to enhance torso excension in high performance situations (MoGill, 2006), 


CaNICAL 
[RELEVANCE 


Exercise for the Extensor Muscles of the Low Back 


Research has shown that the thoracic extensors (longissimus thoracis pars thoracis and 
igcostalis lumborurt pars thoracis) that attach inthe thoracicregion are actually the most 
‘ficient lumbar extensors since they have the largest moment arms as they course over 
the lumbar region. For this reason, itis time to revisit the clinical practice of “isolating 
muscle groups,” inthis case the lumbar extensors forthe lumbar spine. Speciicaly, what 
‘are re’ered to as the lumbar extensors located in the lumbar region) contribute only a 
portion ofthe total lumbar extensor moment. Training ofthe lurvbar extensor mechanism 
must involve theextensors that ettach tothe thoracic vertebrae, whose bulk of contractile 
fiberslies inthe thoracic region but whose tendanspassover the lumbar region and have 
the greatest mechanical advantage ofall lumbar muscles. Thus, exercises to isolate the 
lumbar muscles cannot be justified jrom an anatomical basis or from a motor control 
perspective ip which all “players in the orchestra” must be challenged during tra 

Another important clinical issue involves the anatomical features of the extensors. 
‘While the lumbar sections ofthe longissimus and ifocostais muscles that attach to the 
lumbar verebrae create extensor torque, they also produce large posterior shear forces 
to support the shearing loads that develop during torso flexion postures. Sore therapists 
Uunkriowingly disabletheseshear force proteciors by having patients fully flextheirspines 
during exercises, creating myoelectric quiescence in these muscles, or by recommend 
ing the pelvic tlt during flexing activites such as liting, Discussion of this functional 
anatomy is critical for developing the strategies for Injury prevention and rehabilitation 
‘described later in this book. 
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the Upright Standing Position and From Various Extreme Postures 


Upright 25" lateral 
standing 60° flexion. bending 10° twist 
R rectus abdominis 304 toa a7 30.0 
{ rectus abdominis 30.1 9a 326 305 
Rextemal oblique 1 16.7 144 12.6 
Lextenal eblique 1 167 14a 2138 
R external oblique 2 158 129 107" 
external oblique 2 158 129 2.0 
R internal eblique 1 "a4 99 9a 
L intetnal oblique 1 4 99 vai 
R internal oblique 2 103 aa 70 
L intemal obtique 2 103 aa 132" 
R psoas lumborum iL.) 154 200" 142 
1 psoas lumborum (U1) 154 200 168 
psoas lumborum (1.2) lea" ne 
1 psoas lumborum (2) 164 38 
R psoas hummborum 13) 129" 95 
1 psoas fumiborum (3) 129° 109 
 poas lumborum (1) aa 74 
1 psoas lumborum (4 ot 80 1a 
R iliocosialis lamborum 23.0 297 189 BS 
Liiocostalis lumborum 23.0 207% 255 28 
longissimus thoracis 25 337" 254 276 
{longissimus thoracis, 25 3374 288 274 
R quadlratus lumborum 146 192" 119 44 
1 quadrats furnborim 146 182 174 15 
B latissimus dorsi (15) 20.4 m1 268 298 
{ letissitmus dors (15) 204 324 315 291 
R emubitidus 1 53 73 52 Ea] 
{ mulifds 1 53 a» 54 58 
 mukivitus 2 31 50 
L mulifides 2 51 72 52 
R proas (LI) 29.2 286 28.1 
L psoas (1) 292 286 302 
R psoas (2) 25.8 253 254 
1 psoss (12) 258 253 2541 
psoas (3) 2A 218 Flea 
L psoas (13) 2D 28 25 
R proas (Lt) 187 186 186 
1 pro. 4) 187 186 189 


The ungear eure pets nea ane mance eng anges» Med Tue ST e page 7A 
“Combinations of 60 exon, 25° ret ae ben, 1 courtecockwhe wit 


‘cee ta ile by mee 


forthe 


re chai righ ang 


aired person fem SM, A4Gil 1H, *Knet: peel af he ela cur use sbou eee thong ans ween posts. 


Spine 97: 408. 
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Abdominal Muscles 


In this section we will consider several important aspects 
which the abdorninal moscles are 


cof lumbar mechanics 
involved. 


Abdominal Fascia 


‘The abdominal fascia contains the rectus abdominis and 
| connerts laterally to the aponeurosis of the three layers of 

the abdominal wall. Its functional significance is macle more 
| imporsane by connections of the apaneurosis with pectoris 
\2 major, together with fascial elements that cross che midline 

to transmit forceo the fascia (and abdominal muscles) onthe 
‘opposite side ofthe abdomen (Pocterfield and DeRosa, 1998) 
(Gee figure 4.30, «-b), Such anatomical features underpin and 
justify exercises (detailed lave) that integrate movement par- 
terns that simultaneously challenge the abdominal mascles, 
the spine, and the shoulder musculsture, 


Rectus Abdominis 

Whilemany chsc anatomy textsconsider the shdorsinal wal 
to be an important Hexor of the trunks the rectus abominis 
appears to be the major trank flexor—and the most active 
daring sit-ups and curl-ups Juker, McGill and Kropf, 1998). 
‘hase activation amplitudes obtained fren beth intranuscu 
lar and surface electrodes over a variety of tasks are shown in 
table 54 (pages 78-79). Ic is interesting 10 consider why the 
rectus abdominisis partitioned into sections rather than being 
single long muscle, given thatthe sections share a common 
nerve supply and that a single long muscle would have the 
advantage of broadening the force-length relationshipover a 
greater range of length change. Perhapsa single muscle would 


Lumbodorsal fascia Latissimus dorsi 


Figure 4.29 Latissimus dorsi originales 


from each lumbar spincus process via 
the lumbodorsal fascia and inserts an the 
humerus to perform both lumbar extension 
‘and stabilization roles, 

rge cour o rina Pires 


bull: upon shortening, compressing the viscera, or he stiff 
and resistant to bending. Not only does the sectioned rectus 
ahdaminis limit bulking upon shortening, but the sections 
also have. bead effect, which allows hending at each tendon 


to facilitate torso flexion-eatension oF abdeminal distension 
‘or contraction as the visceral contents change volume (ML Belanger, University of Quebec at 
Montreal, personal communication, 1996). 

“The “beaded” rectus also performs another role—the lateral transmission of forces 
from the oblique muscles forming a continuous hoop around the abdomen (Porterfield 
and DeRosa, 1998). The intermuscular tendons and fascia prevent the fibers of rectus from 
being ripped apart laterally from these hoop stresses. This aspect of abdominal mechanics 
is elucidated further in the next section, which discusses the forces developed in the oblique 
muscles. 

“Another clinical issue isthe controversy regarding upper and lower abdominal muscles. While 
the obliques are regionally activate (and have functional separation berween upper and lower 
regions), all sections of the reetus are activated together at similar levels during flexor torque 
‘generation. significant functional separation does not appear toexist beween upper and lower 
rectus (Lehman and MeGill,2001)in mest people, Research reporting differences in the upper 
and lower rectus activation sometimes suffers from the absence of normalization of the EMG 
signal during processing, Briely, researchers have used raw amplitudes of myoulectri activity 
(in millivolts) to conclude that there is more, or less, activity relative to ocher sections of the 
muscle, but the magnitudes are affected by local conductivity characteristics, Thus, amplitudes 
must he normalized toa standardized contraction and expressed asa percentage at this activity 


Copyrighted Material 


Copyrighted Material 


‘Exornal abdominal 
‘Aponeuross of external ‘alicia muscle 


abdominal obique Anterior layer of actus sheath 


. interna abdeminl 
iponeurosis f internal tes abdomins mi eegeinat 
‘abdominal obbque ee sia 

Tansverus 
Aporeumsi ot Linea alba ‘abdominus msde 


Postetiorlayor of 
recs sheath and lasela 


a Transvorsalls facie 


Pectorals major 


Rectus abdominis 
ademinal =e 
oblique muscle 
Aponaurotic part Internal obique 
of external abdominal 
obique muscle 
Extemal oblique 


b 


Figure 4.30 The abdominal fascia connects the obliques of the abdominal wall with (a) rectus 
abdomins and, to a lesser extent, (b) pectoralls major end helps to transmit hoop stresses arouind 
the abilomen. 

(by it er CM, Nos 200, fark cil, Chang Hare Kine), 6 


[tHivaNce > Upper and Lower Rectus 


Although we have seen separation in neural drive between upper and lower sections of rectus 
abdominis in a few Middle Easter-style belly dancers (aut of a larger cohort, these abilities and 
moves are rate in everyday life. (We made these observations only during very low-level conerac- 
tions in which the muscles were moved in the absence of substental flexion torque or muscle load.) 
Infact, a distinct upper and lower rectus does not exist in most people. Once force is required, the 
rectus appears to act as a cable with active tension along its entire length, Thus, taining the rectus 
for nearly everyone can be accomplished with a single exercise, This is not true forthe obliques, as 
they have several neural compertments—fateral, medial, upper, and lower, 
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Figure 4.31) Studies thai have reported an upper and lewer rectus abdominis generally evaluated unnormalized 
EMG signals—for example, in thestuly of men performing crunches. (b) However, when the signals ate normalized 
properly, the apparent difference disappears. While there areregional activation zones inthe abdominal obliques, 
thee is little evidence to suggest that a functional “upper and lower" rectus abdorinis exists in most people. 
feyvnel om lehranardSM.NeGl 198, “Theiler chopaat rpulation ona kites and ENG ding imple and comple 
sks ase study oa Or Pst hep, 220) 376-58. Copy 93 


(rather than in millivolts) (ee Figure 431). Researchers may also have inadvertently monitored 
Pyramidalis (an optional muscle atthe base ofthe rectus), which would eload interpretation, 


Abdominal Wall 


‘The three layers of the abdominal wall (external oblique, internal oblique, and transverse 
abdominis) perform several functions, All three are involved in flexion and appear to have their 
flexor porential enhanced because of their attachment to the linea semilunaris (see figure 4:32) 
(McGill, 1996), which redirects the oblique musele forces down the rectus sheath to effectively 

crease the flexor moment arm, ‘The obliques are involved in torso twisting (MeGill, 19912, 
1991) and lateral bend (MeGill, 1992) and appear to play a role in lumbar stabilization since 
they increase their activity, toa small degree, when the spine isplaced under pure axial eompres- 
Son QJuker, McGill, and Kropf, 1998). (This functional notion will he developed later in this 
chapter) The obliques are alo involved in challenged fung ventilation, assisting with “active 
expiration” (Henke etal, 1988). The important functional implication of ative expiration will 
be discussed in a subsequent section. 

Researchers have focused a lotoFattention on the transverse abdominis for two reasons. First, 
some believe ic is involved in spine stability Uarough its beltike containment of the abdomen 
and also in the generation of intra-abdominal pressure (LAP). Richardson and colleagues (1999) 
nicely summarized the second reason for the focused attention on this muscle, suggesting that 
transversus has a delayed onset of activation time in some with back troubles, prior to @ rapid 
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‘arm movement—the hypothesis being that the trank must first be 
sade stfTand stable, I appears that this i evidence that an aber 
rant motor pattern exiss in rapid activity. We cannor find evidence 
that this motor pattern happens bilaterally, implying thar it has 
litzleto do with stability. The question remains as 10 whether this is 
‘mportantin more normally paced activities. Delayed onset confirms 
motor deficits, but a 10 to 30 ms onset delay would be irrelevant 
during a normal morement in which these muscles are continually 
cocontracted to ensure stability. Contrary to what iseommonly heard 
in exercise discussions, the evidence does not suagest tht transverse 
is noe reeraited, Irisalsy interesting that, again contrary to popalar 
thoughs, the transversus and internal oblique are very similar in their 
filer orientation, In our very limited intramuscular EMG electrode 
work Juker, MeGil, and Kropf, 1998) wesaw a high degree of coupling 
between these two musees in a wide variety of nomballisie exertions 
(no doubt some myoeleetric cross-tlk existed), We have been unable 
to find people who can or cannot activate transverse. Nonetheless, 
several groups (Creswell and colleagues, 1994, and Hodges and 
——_______ Richardson, 1996, are the most experienced) have noted! the extra 
Figure 4.32 The oblique muscles EO: activity of transversus when IAP is elevated, but also that all of the 
anterior portion of external oblique; abdominal muscles show thisactivity, The combination of transverse 
10: anterior portion ofinternal oblique; activation (and almost always concomitant oblique activity) with 
Tetransverse abdominis)transmitforce elevated TAP enhances stably, withost question, Tn ict. Cholewicki 
along theit fiber lengthsand then edi- and ealleagues (1994) recently concluded thar building TAP on its 
rect foree along rectus abdomins via Gun adds spine stabil 

their atichment to the linea semilu- 

naris to enhance their efective flexor 


In the broader functional perspective, the components of the 
abdominal musees (rectus obliques, and transversus) work together 
meant abn. _, hut also independently, While variety of sources have provided 
Reyna fm ural of ionecharits 207) myoelectric evidence from a variety of tasks, an anatomical and 
Sloioal seit ttn fenln fioty’ functional interpretation is needed. As noted earlier, the obliques 
§rsr7 copra 1986, ih pemssin tom differentially activate to create twisting torque and can enhance 
Dever flexion torque. Rectus is primarily flexor—in fact, those people 
who have a great deal of motor control in the abdominal muscles ean preferentially activate 
each muscle (see figure 4.33, 4-d) Finally, some have suggested an upper and lower partition- 
ing of the abulominal muscles. As previously mentioned, this impression is probubly an artifice 
resulting from poor EMG technique: there does not appear to be a functional upper and lower 
rectas(Lehman and McGill, 2001; Vera-Garcia, Grenier,and MeGill, 2000), On theother hand, 
regional differences da exist in the obliques; some sections can he preferentially eruited both 
medially and laterally together with upper and lower portions. Finally, the obliques, together 
with transverse abdominis, form a containing hoop around the entire abdomen, with che anterior 
‘of the hoop composed of the abdominal fascia and the pasterior composed ofthe lmboxtorsal 
fascia, ‘The resulting “hoop stresses" and stiffness asist with spine stability, 


fkttiasce > Abdominal Muscle Exercises 


‘The functional éivsions oi the abdominal muscles justly the need for several exercise techniques 
to challenge them in all of the'r roles: moment generation, spine stability, and heavy breathing. 
While the obliques are regionally activated, with several neural compartments, there appears to be 
1 functional separation of upper and lower rectus abxlominis. Thus, a cutl-up exercise activates 
alllpartions ofthe rectus abdomiinis, However, upper and lower portions of he oblique abdominal 
muscles are activated separately depending on the demands placed on the torso. Finally, detailed 
examination of the fascial connections reveals force transmission among the shoulder musculature, 
the spine, and the abdominal muscles, justifying exercises incorporating larger movement patlerns 
for the advanced patients who can bear the higher loads, 
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Figure 4.33 Some trained peaple have the ability to differentially activate specific partons ef the abdominal musculature. 
‘This sequence hows (a) an inactive abdominal wall, (b) the ebdomvinal wall “ballocned," and! (c) contraction af transverse 
akdominis, which drawsand “hollows” the wal. (Note that other muscies must relax to do this, which compromises both sabil- 
ity and strength.) (4) Placing the hands on the thighs and pushing allows a flexor moment to develop where good muscular 
contol s able to activate just the rectus abdominis with the previously activated transvesse-and litle oblique activity. 


Psoas 


‘The psoas, s musclethat crosses the spineand hip, sunique for many reasons, While ithas been 
claimed to be a major stabilizer of the lumbar spine, I believe that this claim needs interpreta- 
‘Hom, Although the psoas complex attaches to T12 and to every lumbar vertebra on its course 
‘over the pelvic ring Gee figure 4.34), its activation profile (see Juker, MeGill, and Kropf, 1998: 
Juiker, McGill, Kropf, and Seeffen, 1998; and Andersson et a., 1995, for indwelling EMG data) 
isnot consistent with thar of a spine stabilizer (in the purest sense) hutrather indicates that the 
role of the psoas is purely as a hip flexor. During our work to implant int-amuscular electrodes 
in this muscle, we performed the insertion technique several times on ourselves, The frst time 
the electrodes were in my own psoas, [tried several low back exertions in an attempr to activate 

(flexion, extension, side-bending, ew.). None of these realy caused the psoas to fire. Simply 
rising the leg whilestanding, with hip flexion, caused massive activation, clearly indicating that 
the psoasisa hip flexor, 
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Figure 4.34 The psoas attaches 10 each lumbar yer 
tcbra (lateral vortobral bedy and! transverse process) 
where each of those laminae of psoas fese ard form a 
common tenelon that courses through the iliopectineal 
roteh to the femur. The quackatus lumborum attaches 
each transverse process with the ribs and iliac crest, 
forming the guy wire support system. 


Psoas Function: 


Myoelectric evidence and anatomical analysis, 
‘sugges: that the psoas major acts primarily to 
create hip flexion torque, that jis activation is 
minimally linked to spine demands, and that 
it imposes substantial lumbar spine compres 
sion when activated. Caution is advised when 
training thismuscle due 10 thesubstantial spine 
Compression penalty that is Imposed! on the 
spine when the psoasis activated, 


Quadratus Lumborum 


Afier this pilot work, in a larger study we 
found that any task requiring hip flexion involved 
the psoas. Although we obeained cis impression 
from studying the activation profile of the psoas, 

thet considerations stem from its architecture. 
Why does the psoas traverse the entire lumbar 
spine and, in fact, course all the way to the lower 
thoracic spine? Why not letjus the iacus perform 
hip flexion? If only the iliacus were to flex the 
hip, the pelvis wonld he torqued! into an anterior 
pebvietils, forcing the lamhar spine intn extensio 
‘Those forces are buttressed by the pioas, which 
Addl stifiness between the pelvis and the lumbar 
spine. In effect, it ean be thought of as a spine 
stabilizer hut only in the presence of significant 
hip flexor torque, Also, an activated and stiffened 
psoas will contribute some shear stifiness to the 
lumbar motion segment—but once again, only 
when hip flexor torque is required, The fact is 
that the pscasand iliacusare two separate muscles 
(ee Santaguida and McGill, 1995), functionally, 
architecturally, and nevrally. There is no such 
thing.as an iiopsoas muscle! 

In addition, some clinical discussion has heen 
centered around the isue of whether the psoas is 
an internal or external rotator of the femur and 
hip. Although it has some architectural advantage 

‘externally mutate the hip, Jukes, MeGill, Kropf, 
and Steffen (1998) observed only small activation 
bias during hip rotation tasks. However, this may 
have been due to the need for significant hip sta- 
bitization, resulting in substantial hip cocontrac- 
tion. In a recent study, we examined a matched 
cohort of workers—half of whom had history 
of disabling low back troubles, while the other 
half had never missed work. Those who had a 
hisiory, but were asymptomatic at the time of 
the test, had a significant loss of hip extension 
tnd hip internal rotation (butmore exeernal rota- 
tion). This is an interesting observation, given 
much clinical discussion seyarding the “tight” 
potas, Even though we do noc fully understand the 
neuromechanics, this muscle asx clinical concern 
is worth studying further, 


“The quadrstus lumborum (QL) is another special muscle for several reasons. First, the archi 
tecture of this muscle suits a stabilizing role by attaching to each lumbar vertebra, effectively 


bruttressing adjnce 


1 vertebrae bilaterally, together with attachments to the pelvis and rib cage 


Gee figure 41.34), Specifically, the fibersof the QL crass-link the vertebrae and have alargelatsral 
‘nomenc arm via the transverse provess attachments. Thus, by its design the QL. could buctress 
shear instability and be effective in stabilizing all leading modes. ‘Typically, under compressive 
Joad the frst mode of buckling instability ilateral (Lucas and Bresler, 1961); the QL. can playa 

significant role in local lateral burtressing, Also, tne (QL hardly changes length during any spine 
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INEAL motion (we table 4.2 on page $5 and MeGill, 
finance Quadratus Lumborum 1991b)}, suggesting that ic contracts virtually 
5 iscmmeieally. Further insight inva iy special 
The Ql. appears to be highly imolved function comes ffom an earlier observation 
with stabilization of the lumbar spine chat the motor control system involves this 
together with other muscles, suggest muscle together with the abdominal wall 
tng that a clinical focus on this muscle shen stability is required in the absence of 
is warranted. Exercises emphasizing major mament demanils. 
activation of the QL wille spering the 


‘The muscl io be active duri 
spine ae deserved in part “Low Back 4 varery of flesion-dominant,extensor= 
Rehabilitation.” ‘ 


dominant, and fateral hending tasks, (None 
that myooleetrie access to the QL. is quite 
tricky, and itis difficult o confirm where the ineramusculae electrodes are within the muscle. 
Cerainly our techniques on this musele were notvery precise. Inaddition, they tend to migrate 
‘upon contraction, further clouding interpretation of the signal.) Andersson and colleagues 
(1996) found that the QL did wot relax with the lumbar extensors daring the feaion-relaxatina 
phenomenon, The flexion-relaxation phenomenon is an interesting tosk since there are no 
substantial lateral or twisting torques and the extensor torque appears to be supported passively, 
farther suggesting some stabilizing role for the QL. 

In another experiment (note again that our laboratory techniques to obtain QL activation 
vere rather imprecise atthe time), subjects stood upright with a bucket in each hand, We incre 
mentally increased the load in each bucket (resulting in progressively more spine compression), 
ur data suguest that the OL increased its activation level (sogether with the obliques) as more 
scahiity was required (MeGill,Juker, and Kropf, 1996). This task forms a special sintation 
since only compressive loading is applied to the spine in the absence of any bending moments, 
In summary, the strength of the evidence from several perspectives leaves ane to conclude thar 
the QL performs a very special stabilising role for the lumbar spine in a wide variety of tasks, 


Muscle Summary 


‘This section has provided an overview of the roles of the muscles of the trunk in supporting 
postures and moving and stabilizing the lumbar spine, The posterior muscles were presented 
1 four large functional groups. The deepest group (the small rotators) appear to act as post- 
tion sensors rather than as torque generators. The more superficial extensors (multifidas and 
ifiocostalis lumborum and longissimus thoracs) fall into three categories to 


+ generate large extension moments over the entire lumbar region, 

* generate posterior shear, or 

+ affect and contzol only one or two lumbar segments, 

“The roles of the abdominal muscles in trunk flexion and in trunk stabilization were high- 
lighted together with the roles of the psoasand QL. Clearly, many muscles phy large role ia 
protecting the low back: from injury: Chapter 12 applies these findings to exercise regimens for 
individuals with low back pain. 


Ligaments 


When the lumbar spine is neither flexed nor extended (neutral lordosis), only muscle contribu- 
tions need he considered in the mechanics to support the spine, However, as the spine flexes, 
bonds, and twists, passive tissues are stressed; the resultant forces of those tissues change the 
interpretation of injury exacerbation, the discussion of clinical issues, or both. For this reason, 
Timreduce the mechanies of passive tissuesin this section, followed by some examples illustrat 
ing their effects on clinical mechanics, Also fascinating isthe distribution of mechanoreceprors 
documented in every lumbar ligament and fascia, Solomonow and colleagues’ (2000) recent 
evidence suggests a significant propriocepuve role for spinal ligaments, 
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Longitudinal Ligaments 


‘The vertebrae are joined to form the spinal column hy two rihbon-like ements, che anterior 
longitudinal and the posterior longirucinal ligaments, which assist in restricting excessive flexion 
and excension (sce figure 4.35). Both ligaments have bony attachments to the vertebral 
collagenous attachiments tothe annulus, Very tte evidence exists for the presence of mechano- 
recepoors int these ligaments, Posterior w the spinal cord is the ligamentum flavum, which is 
characterized by a composition of approximately 80% elastin and 20% collagen, signifying a 
very special function for this ligament. It has heen proposed that this highly elastic structure, 
\which is under pretension throughout all levels of flexion, actsas barrier to material that could 
thuckle and encroach an the cord in some regions of the range of motion, 


wdiesand 


Interspinous and Supraspinous Ligaments 


‘The interspinous and superspinous ligaments are often classed as a single sructurcin anatomy 

although functionally they appear to have quite different roles. The interspinous ligaments 
connect adjacent posterior spines hut are not oriented parallel wo che compressive axis of the 
spine, Rather, they have a large angle of obliquity, which bas been a point of contention, For 
‘years most anatomy books have shown these ligaments with an oblique angle that would cause 


Ligamentum flavum 


Supraspinous ligament 


Inerspinous fgament 
(corsa) 
(mide) 
(ventral) 


Anterior longitudinel Posterior longitudinal 
ligament ‘igament 


Figure 4.35 Major lambar ligaments, Note the controversy surroundingthe interspinous ligament 
in figuies 4.36 and 4.37. 
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posteriorshearof the saperior vertebrae (sce figure 4.36), This errors beliaved to have originated 
aroanil the cur of thecentury, withthe hypothesis being that an ast held the vertebral setion 
upside down when drawing; other artists simply copied the previous artrather than lvoking at 
a spine, This was corrected by Heylings (se figure 4.37), noting that indeed these ligaments 
have the obliquity to resist postericr shear of the superior vertebrae—but also impose anterior 
shear forces during full flexion (Heylings, 1978). While many anatomy rexthooks suggest that 
this ligament serves to protect against excessive flexion (hased on erroneous anatomy), [ donot 
believe this notion is comrect. Heylings (1978) sugested thatthe ligament acts like a collateral 
ligament similar to those in the knee, whereby the ligament controls the vertebral rotation a5 
i: follows an are throughoat the flexion range. ‘This in turn helps the Facet joints remain in 
contact, gliding: with revation. Furthermore, with its ablique line of action, the interspinous 
Figament protects against posterior shearing of the superior vercehrae and is implicated in an 
jury scenario diseussed larerin this chaps. 
Tn conteast to the interspinous ligament, the superspincns ligament i ai 
parallel 10 the compressive axis of the spine, connesting the tps of the posterior spines. It 
appears wo provide resiseance agai fe foryant flexion, Fisally, both supraspinous and 
interspinous ligaments have an extensive network of free nerve endings (type TV receptors) 
(Vahia, Newman, and Rivard, 1988) together with Ruffini corpuscles and Pacinian corpuscles 
(ahis, Newman, and Rivard, 1988; Jang et al., 1995), Yahia and colleagues (19X8) and 
Solomonow and colleagues (2000) suggest proprioceptive role for the ligaments to prevent 
‘excessive strain in fully flexed postures and—given their architecture—quite possibly when 
under excessive shear load. 


Figure 4.36  Formostofthe past 100 years many 


Figure 4.37. The interspinous ligament 
anatomical artists have drawn the interspinous 


furs obliquely to the compressive axis and 


Tigament upside down, as shown in this example. 
Such drawings have caused the ligament func 
tion to be misinterpreted as that of a supporter 
‘of anterior shea, which is incorrect. The original 
figure of this example, from |, Watkins, 1999, 
Structure and Function of the Musculoskeletal 
Sysiem (Champaign, IL: Human Kinetics), was 
‘drawn correctly but has been altered to illustrate 
the incomect rendering many artists have drawn 
inthe past 

Adal by perma, for |, Wai, 199, Suc ad 
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thus has limited capacity to check flexion 
rotation of the superior vertebrae, Rather, 
the inierspinous igament may act as a col- 
lateral ligament, controling vertebral rota- 
tion and imposing anterior shear forces on 
‘hesuperior vertebrae. (ZG) Zyzapophyseal 
joint or facet jim, (12), (L3) lumbar spinous 
processes 
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[ttixvicr > Interspinous Ligament Architecture 


‘The interspinous ligament anpears to provide a collateral action as it guides the sliding motion of 
the facet joints and checks posterior shear of the superior vertebra. The flip side of this functional 
role is that during full flexion the superior vertebra is sheared anteriorly, ofen adding to the reaction 
shear forces produced in a forward bending posture. Therapeutic exercise recommending full spine 
flexion stretches must consider the resultant shearing forces imposed on the joint by interspinous 
ligament stain. Too olten, even those patients with shear pathology—for example, those with spon 
dylolsthesis—are prescribed flexion stretches. This appears io be liladvised, 


Other Ligaments in the Thoracolumbar Spine 


Other ligamentsin the thoracolumbar spine include the intertransverse ligaments and the facet 


capsule, 


+ Intertransverse ligaments. ‘These ligaments span the tansverse processes and have 
been argued t be sheets of connective tissue rather than trac ligaments (Bogduk and Twomey, 
1991), In fact, Bogduk and Twomey suggest thatthe intertransverse ligament membrane forts 
a septam between the anterior and pasterior musculature thar is an embryclogical holdover 
from the development of these two sections of muscle, 
* Facet capsule. The freee capsule consists of connective tissue with hands that resiriet hoth 
the joint flesion and the distraction of the facer surfaces that resul from axial twisting. The Figa- 
ents that form the capsule have been documented to be rich in propriocepsive organs—Pacin- 
ian and Ruffini corpuscles (Cavanaugh etal, 196; MeLain and Pickar, 1998)—and have been 
observed to respond to mukidirectional sexs (Jiang etal, 1995), at least in eats, 


Normal Ligament Mechanics and Injury Mechanics 


Determining the roles of ligaments kasinvolved qualitative interpretation using their attachments 
and lines of action together with Functional tests in which successive ligaments were cut and 
the joint motion was reassessed. Karly smidies attempting tn determine the amount of relative 
contribution of each ligament to restricting flesinn were performed on cadaveric preparations 
that were not preconditioned prior to testing, This usually entails a loading regimen so that the 
cadaveric specimens better reflec in vivo behavior. Specially, the investigators did not take 
into account the fact that upos death, discs, being hydrophilic, increase their water eatent and 
‘consequentiy their height. The swollen disesin cadaveric specimens produced an artificial preload 
‘on the ligaments closest to the disc, inappropriately suggesting that the capsolar and longitudinal 
ligaments are more importantin resisting flexion than they actually are in vivo. Forthis reason, 
these early data describing che functional roles of various ligaments were incorrect. ‘The work 
‘of Sharma and colleagues (1995) showed that the major ligaments for resisting flexion are the 
supraspinous ligaments, Those early studies showing that the posterior longitudinal ligament 
and the capsular ligaments are important for resisting Flexion did not employ the necessary 
preconditioning just discussed. 

‘Mechanical failure ofthe ligaments is worth considering. King (1993) noted that soft rssne 
injuries are common during high-energy, traumatic events such as automobile collisions. Our 
‘own observations on pig and human specimens loaded at slow load rates in bending and shear 
‘modes suggest that excessive tension in the longicadinalligarmomrs causes avulsion oF hony fail 
wenear the ligament attrchment site. Noyes and colleagues (1994) noted that slow strain ra 
(0.66%/3) produced more ligamencavulsion injuries, while fast strain rates (66%/s) resulted in 
‘more midligamentous failure, at least in monkey knee ligaments. ‘The clinical results of Ris- 
sanen (1960), however, showed that approximately 20% of randomly selected cadaveric spines 
possessed visibly ruptured fambarinterspinous lizaments, while the dorsil and ventral portions 
‘of the interspinous ligaments and the supraspinous ligaments were intact 
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Torn spinal ligaments appear to be the 
result 0 ballistic loading—particularly 
slips and falls or traumatic sporting 
activity with the spine a its end range af 
metion. Thase with recently developing 
spine symptomsand accompanying spine 
insiability can often recount prior incr 
dents in which the ligaments could have 
been damaged. 1f the traumatic event 
occurs at work bustthe delayed sequellae 
develop later during an event at hame, is 
this compensable? Arguing these types af 
questions requires a solid understanding 


‘These could be considered to represent 
the living population. Given the oblique fiber 
direction of the interspinous complex (ee 
figure 4.37, page G), avery likely scenario of 
interspinous ligament damage is falling and 
Janding on ones behind, driving the pelvis 
forward on impact and creating a posterior 
shearing ofthe lumbar jcints when the spine 
is fully flexed, The interspinoas ligament 

1 major load-bearing tissue in this example 
of high-energy londing characterized by 
anterior shear displicemene combined vith 
fall lesion. Considering the available dara, T 
beliove that damage to the ligaments of the 
spine, particularly the interspinous comples, 
is not likely during lifting or other normal 


af injury mechanisms. cecupational activities, Rather, ligament 


damage seems to occur primarily during 
traumatic events, as described earlier, The subsequent joint laxicy is well kmawn to accelerate 
arthritic changes (Kirkaldy-Wills and Burton, 1992). What las been said in reference to the 
knee joint, “Ligament damage marks the beginning of the end,” isalso applicable to the spine 
in terms of being the initiator of the cascade of degenerstive chan, 


Lumbodorsal Fascia (LDF) 


Whilea functional interpretation ofthe lumbodorsal fascia (LIDF) (abo called the thoracolumbar 
fascia hy some) isprovided later, short anatornical description is given here. Fist, the Fascia has 
bony attachments on the tips ofthe spinous process (except the shorter LS in many individuals) 
and to the posterior-superior iliac spines (PSIS). Some fascial connections cross the midline, 
suggesting some foree transmission, thus completing the hoop around the abdomen with the 
previously described abdominal fascia anteriorly. The transverse abdominis and internal oblique 
muscles obtain theirposterior attachment othe fisca, as does the latissimas dorsiover the upper 
regions ofthe fascia. The fascia, in wrapping around the hack, forma compartment arnund the 
Jambar estensors (mulifides and pars lumborum groups of iiocostalis and longissimus) and has 

‘been implicated in compartment syndrome 
(Carr eval, 1985; Styf, 1987) (se Figure 4.38). 
Recent studies attribute various mechanical 
rules w the LDE. In fact, some have recom 
mended lifting techniques based on these 
hypotheses. However, are they consistent 
with experimental evidence? Gracovetsky 
and colleagues (1981) originally suggested 
that lateral forces generated by the internal 
oblique and transverseabdominismuscles are 
transmitted tothe LDF via their atichments 
tothe lateral harder, and thar the fascis could 
support substantial extensor moments, They 
hypothesized that this lateral tension on the 
LDF increased longitudinal tension by virtue 
Figure 4.38 Collagen fiber arangement in the LDF binds of the collagen Sher abliquity ia the LDF, 
the lumbar extensor muscies and tendons from the thoracic cHusing the posterior spinous processes co 
muscles together as they course to the sacral attachments, move together, resulting in lumbar extension, 
Thus, ane ofthe functions of the LDF appearsto be acting as This proposed sequence of events formed an 
an extensor muscle tetinaculum—and 4 natural abdominal- attractive proposition because the LDF has 
back belt. the langest moment arm of all the extensor 
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tissues. Av a revult, any extensor forces within 
the LDF would impose the smallest compressive 
penalty to vertebral curmponents of the spine, 
However, three scudies, all published about 
the same time, collectively challenge che viability 
Of this hypothesis: one hy ‘Tesh and colleagues 
(1987), who perlormed mechanical tests on 
cadaveric material; one by Macintosh and col- 
Teagues (1987), who recognized the anatomical 
inconsistencies with the abdominal activation; 
and one by MeGill and Norman (1988), who 
rested the viability of LDF involvement with the 
latissimus dorsi as well as with the abdominal 
muscles (se figure 4.39), These collective works 
show that the LDF is not a significant active 
catensor of the spine, Nonetheless, the LDF 
is a strong vssue with a well-developed lattice 
of collagen fibers, suggesting chat its function 
may be that of an extensor muscle retinaculum 
(Bogduk and Macintosh, 1984), or nature’ back 
Figure 4.30 Sves lines in the LDF indicate that the belt. In addition, the fascia does contain both 
[tno dors the omar ece ethior-ar hn Raf and Paina corpuscles roger with 
withicnarnples diffuse innervation (Yahia, Newman. and Rivard, 
1998), The tendons of longissimus thoracis and 
itiocostalisturnborum pass under the LDF to their sacral and lige sttachments, fe spears that 
the LDF may providea form of retinacular “strapping” for the low back musculature. Finally, 
‘the abdominal wall nd the larissimus dorsi forces add tension to the fascia and stifiness to the 
ine 10 prevent specific types of unstable behavior and tissue damage (explained in chapter 6 
con spine stabil 


Se: Lumbodorsal Fascia Anatomy: Nature's Back Belt 


No evidence justifies specific liting techniques to involve the LDF for extension of the spine, How- 
ever, activation ofthe latissimus dorsi and the deep abdominal obliques contributes stiffening (and 
stabilizing) forces to the: lumbar spine via the fascia (guidelines for activating these muscles are 
provided in chapter 12). Furthermore, the LDF appearsto act as retinaculum and probably fulills 
@ proprinceptive function. Its part af a “hoop” around the abdomen, which consists of the LOF 
posteriorly, the abdominal fascia anteriorly, and the active abdominal muscles laterally; the three 
ogether complete the stabilizing corset (see figure 4.40), As noted earlier, this also appears to be an 
important elastic energy storage-recovery device for ballistic athletes, tuned by the obliques. 


A Quick Review of the Pelvis, Hips, 
and Related Musculature 


A healthy back depends on proper funerion in the pelvis and hips for several reasons, Power 
is usually generated atthe hips, for both performance and safety reasons. Further, the pelvis 
aets as the platform for the spine. Given the exercises that ensure optimal hip function 
‘vith spine integration shown later in this book, a brief overview of the relevant anatomy i 
provided here. 

“The pelvis is usually sectioned into three regions, the ilium, the ischium, and the pubis, 
Articulations and small motions occur at the pubis anteriorly and at the sacroiliac joints (see 
figure 4.41), Several nerve block studies have shown these to be potential causes of pain, Probably 
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Low Back 


Transverse Extomal_ Internal 
abdomins oblique oblique 


Lumbodorsal 
fascia 


Figure 4.40 The ahdominal fascia, antesioily, and the LDF, posteriorly, are passive parts ofthe 
abdominal hoop. The lateral active musculature (primarily the larger intemal oblique and external 
clique together with the smaller transverse abdomind) serestotersion the hoop (dashed arrows) 


the most relevant fretor for exercise-related issues is the architecture of the muscles. Peoas 
and ilincus have already been deseribed for their role in hip lesion and stabilization, Gluteus 
‘maximus is primarily a hip extensor and external rotator, while gluteus medius and gluteus 
‘minimusare primarily abductorsand thus tremendously important forany activity that requires 
single-leg stance or gait with directional change. They assist the spine musculature (such as QL, 
and the obliques) co hold the pelvis up during single-leg support and thus are key players in 
spine stability during gait. They alo externally rotate the fermur, which is a functional fearure 
ve will use to full advantage in the design of squat exercises later in this book. There are other 
“gluteal” muscles known as the deep six (piriformis, obturator internus and externus, gemellus 
superior and inferior, and quadratus femoris), which together assist in controlling internal and 
external rotation. 

“The muscles in the hamstring group (biceps femoris, semitencinosus, semimembranosus) 
‘extend the thigh, flex the knee, and perform stabilizing moles aver each of these joints, In many 
‘upright situations, particularly walking and running, their mest important role is in *heaking” 
‘with eccentric contraction. Yet in stooped postures, particularly lifting, the hamstring groups 
are very important for their contributions to hip extension. The medial thigh muscles sdduce 
the thigh, The quadriceps extend the knee and provide patellar tendon tracking Function, One 
member of the “quads,” rectus femoris, crosses the hip joint anteriorly to create hip flexion, 
“Tight” hamstingsare often blamed for back woubles, but as is noted several times in this book, 
this blame is often misdirected. The bulk of evidence supports neither a link between shorter 
hhamstringsas 2 predictor of beck troubles nor the idea that stretching enhances strength output 
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Figure 4.41 
2) eine, by pemninion, fom S. Shu, 2005, dsasinion of muicuasketoa! iris, 2nd ed (Champaign, Il: Human Kinetics), 477 


View of the pelvis and hips. Together they junction to stabilize and create hip powee 


(e.g, Fowles et a., 2000; Avela et a, 20038) and offers no protective value against injury risk 
(eg, Black and Stevens, 2001), Furthermore, whats often attributed to “hamstring tightness” 
ictually neural tension so that stretching only’ worsens the bac: and radiating leg symptoms. 
here is some evidence to suggest that hamstring trauma can lead to neural tension (Butler, 
1989), although more often the source of the neural tension is associated with a lumbar nerve 
root or central stenosis, 
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Training the Hip Musculature 


No single exercise can tain all hip muscles, although there are some particularly good ones, For example, 
the one-legaed squat is particularly functional, since quadriceps are active for knee extension and patella 
Control, hamstrings for knee stability and hip extension, the gluteal for hip extension and hip abeuction, and 
the adductors and gluteal deep six for hip stabilization, Another clinical issue is he peril in training hip flexion 
power given the aseociated loading ofthe lumbar spine. This s usually reserved for those who no longer have 
pain—training hip flexion often retards progress toward the elimination of pain, It is usually wise to build 
‘extensive spine sabiliy prior to progressions into building hip power. 


Considering these muscles demonstrates the tremendous number of them that cross the hip 
joint. Collectively; they are able to create significant power, and they can direct force in a pow- 
‘erful manner in many directions. ln many cases they are the major power source for functional 
performance. Specifically, they ereate and direct force while changing length at rapid speed. 
Many afchemeross both the hipand knee join, indicating that Funeticnal taining must iavnlve 
tasks that challenge both joints at different velocities, Further, this training must incorporate 
Ihteral motion and rotational motion in che transverse plan, 


Clinically Relevant Aspects of P: 
and Anatomic Structure 


Recall from the introduction to this book that tse damage can alter the biomechanics of a 
spinal joint and that once the biomechanics have changed, any innervated tissue can be the 
‘candidate for symptoms. Pain originates with the free nerve endings ofthe various pain recep- 
tors that typically form small nerve fibers. As noted by Guyton (1981), not all of thesmall fibers 
originatein pain receptors: Some originate in organs sensitive to temperature, pressure, or other 
“touching” sensations, Pain ako may he initiated at higher levels in the pain pathway: Howeani 
colleagues (197) demonstrated that mechanieal pressures on the dorsal coat ganglion produce 
discharges for up te 25 minutes following the removal of the mechanical pressure. In adiition, 
Cavanaugh (1995) showed that nerve endings are sensitive to chemical mediators releesed 
during tissue damage and inflammation, Some studies have attempted to examine inflammatory 
processes by the injeetion pf various chemicals, For example, Ozaktay and colleagues (1994) 
injected carrageenan into the region of nerve receptors around the facet joints of rabbits and 
reported that the discharge from the pressure-sensitive neurons lasted for 3 hours, This finding 
suggests that tissue damage producing inflammatory processes may contribute toa longelasting 
‘muscle spasm. In a recent summary, Cavanaugh (1995) presented! evidence to document the 
posible role of various chemical mediators that sensitize various components along the pain 
Pathway so that pain i produced during events that are normally nonnoxious. Much reaains 
tp he understood. 

Bogduk (1983) provided an excellent review ofthe innervation of lambar tissues, Forexample, 
the facetis well innervated with a variety of low- andhigh-threshold nerves, sugtesting both pain 
and nociceptive functions, Free nerve endings also have been observed around the superficial 
layers ofintervertebral dises, 


Tissue-Specific Types of Pain 

Thave had some personal experience with direct mechanical irritation of specifi low-back issues 
and the resultantpain. Admittedly, these results are limited, given the single subject (myself) and 
the subjective nature of dhe observations, but I believe they are worth reporting nonetheless 
‘obtained these insights from indwelling EMG experiments in which needles were used to implant 
fine wire EMG electrodes in the psoas, QL, multifidus, and three layers ofthe abdominal wall. 

‘Many people have experenced the burning sensation as the needle penetrates the skin. This 
‘cutaneous pain, as the application of ice and 2 hot material feels similar. As the needle applies 
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final Anatomy of the urna 


Spine 


pressure to, and punctures through, the LDF, the pain is fele.as a seraping sensation and some- 
times as an electric current, The same sort of pain is fel as the needle progresses through the 
Gifferent sheaths between the layers of muscle of the alaloeninal wall, Its interesting to note 
that fibromyalgie patients sometimes report this scratchy type of muscularly located puin—it 
is very consistent with epimysiumn and fascia irritation, Once the needle was inside the muscle, 
1o pain was perceived, justan occasional feeling of mechamcal pressure. Asthe neeile touched 
the peritoncum of the abdominal cavity in any location, a general intestinally sick feeling was 
produced in the abdominal region, focused anteriorly to a small area just below the naval. As 
the needle touched the bone of the vertebra, even with very light pressure, a very pointed and 
“boxing” pain was produced, similar to the pain experienced on being kicked in the shins. Once 
again, the reader must realize that these are the experiences of a single person. Nonetheless, 
they do provide crude qualitative insight into the types of pain produced in specific tissues, 


Can Pain Descriptors Provide a Reliable Diagnosis? 


Pain is dearly produced from tissue irritation, particularly mechanical overload, Some have 
argued thatsome tissues may oF may not be candidates for sources of pain based on the presence 
‘or absence of nociceptive nerve endings, Thismay be a diversionary argument. If the overload 

sufficient co damage tissue and produce biomechanical change in the joint, ten the loading 
patterns of other tissues are disturbed. Thus, even though one tissue may not be capable of 
producing pain, if itis damaged sufficiently to shift cad to another suitably innervated tissue, 
pain may result. For example, innervated annulus and disc end plates may be sources of pain 
as a consequence of endplate fracture or annular herniation. But end-plate fracture can czuse 
Significant dise height loss, which can lead 10 nerve entrapment, complex joint instability sub 
sequent facet overload, and soon. Once the biomechanics of the joint have been altered, it sno 
longer fruitful toattemps to diagnose specific tissue damage; the picture is complex. Functional 
diagnosis is the only feasible option, 


A Final Note 


In thischapter, a rudimentary anatomical and biomechanical knowledge on the partof the reader 
is assumed. Using this foundation, some anatomical features were reviewed that are not often 
considered or discussed in classic anatomical tests. Serious discussion of anatomy must involve 
function and, by extension, must consider biomechanies and motor control. Hopefully, the 
functional discussions throughout this chapter haye stimulated you to give more consideration 
the architecture of the lumbar spine. The challenge forthe scientist und elinician abe: fs 9 
hhecome conversant with the funetional implications ofthe anatomy, which will guide decisions 
to develop the most appropriate prevention programs for the uninjured and the best treatments 
for patients. 
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CHAPTER 5 


Normal 
and Injury Mechanics 
of the Lumbar Spine 


hapter-+ described the tissues o the anatomical parts and their role in Functionsthis chapter 
will describe the normal mechanics of the whole lumbar spine, Since most biomechanics 
texts provide descriptions of spine motion, I wll address that only briefly here. Instead, I will 
focus on the functional implications of thar motion, which are far more important, Twill also 
explain injury mechanisms and the changes thar fll injury. Controversy remains as to whether 
‘these changes are a consequence of injury or in fuet playa causative role 
Upon complesion of thischaprer, you will be able to explain the role of tissues in various tasks 
and consequently idensify back-sparing techniques. [n addition, you will understand the changes 
that followin ;pact on functional ability and rehabilitation decisions. 


which have an 


Kinematic Properties of the Thoracolumbar Spine 


‘The ranges of thoracic and lumbar segmental motion about the three principal axes (shown in 
table §.1) demonstrate the greater flexion, extension, ara lateral bending capability ofthe lumbar 
region and che relatively greater twisting capability of the thoracic region, While the segmental 
ranges shown in the table are population averages, keep in mind that a large variability exists 
among people, among age groups (McGill, Yingling, and Peach, 1999), and among segments 
within an individual 

Joint stiffness values convey the amount of translational and rotational deformation of a 
spine sectien under the application of force or moment, The average sifiness values (shown 
in table 5.2 compiled by Ashton-Miller and Schultz, 1988) document the translational stiffness 
of the spine ina nentral postures they inicate greater stiffness uncler compression than under 


Motion Palpation—Pathology or Normal Asymmetry? 


ifiness asymmetries during bending tothe right compared to the leftand during twisting clockwise 
compared 10 countercloclowise at specific vertbal levels are not uncommon, This finding is of 
‘eat importance to the clinician who may sometimes suspect pathology at a specific location but 
is simply experiencing normal anatomical asymmetry. 

Recent work by Ross and colleagues (1999) exemplifies the peail in assurning that joint wih 
‘an asymmetric feel upon palpation is pathological. Clinicians who hold to a typi¢al motion palppa- 
‘ion philosophy will often identify an abnormal feeling at a specific spinal level as the target tor 
therapy. Sometimes the asymmetrical sifiness may simply be asyrnmeéric skeletal anatomy—perhaps 
a single facet with a unique angular orientation. Obviously, such a joint would be resistive to any 
“mobilizing” therapy. 
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Table 5.1 Range of Motion of Each Spine Level (in Degrees) 


Lateral 
Flexion Extension | bending | Axial twiet 
4 6 a 
4 6 8 
4 6 8 
4 6 a 
4 6 8 
5 Co a 
6 6 8 
6 6 7 
6 6 4 
9 7 2 
2 9 2 
T2441 12 ny 2 
U2 8 5 6 2 
23 10 3 6 2 
Ga 2 1 6 2 
as 3 2 6 2 
1551 9 5 3 5 
“A awa tos Wd Pap (17, icp on aod on Kani a whch os fa Py ta DEH FOR 
ea Tl 
Table 5.2 Average Stiffness Values for the Adult Human Spine 
SHEAR BENDING 
Spine level | Comp. | Ant/Post. | Lat. | Flex/lxt | Lat. | Anal torsion 
Tit | 1250 | 8607 To issrisa | 172 149 
45 667 | vasnaa | 132 80/166 on 395 
L551 tooo | 7872 or 120172 | 206 264 
ae sa vaio gen at HW aE a aa a ASTRO a 
‘YTD date Whi al Pa 1978, 145 er Set a 17) ane en, Racha a Sh (1975 


shear loads, In rotational modes, greater stiffness occurs during axial torsion than during rota 
tion about the flexion-extension and Isteral bending axes. While generally the range of motion 
decreases with age, certain injuries, particularly to the dise, ean inctease the range of motion in 
bending and shear translation (Spencer, Miller, and Sehulte, 1985), Kirkaldy-Willisand Burton 
(1992) implicated these large unstable movements in facet joint derangement, Recent dats have 
(quantified the increase in the range of motion about all three spine axes as disc degeneration 
Proceeds from grade I to grades II and IV, Radial tears of the annulus are most prevalent in 
these stages. But this extra motion is replaced by extreme loss of motion in grade V discs, which 
are characterized by collapse and osteophyte formation (Tanaka etal, 2001). 
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As the spine movesin chree dimensions (lesion-extension, lateral bend, and twist), thealign- 
rent of muscle vectors changes with respect ro the vertebral orthopedic axes. This causes the 
role of the various anuscles to change. Sometines their relative contribution w prexlucing. a 
specific moment changes along with the resultant joint compression and shear. Muscle lengths 
and their moment potential asa function of spine posture are shown in table +2 (page 55) and 
table 5.3. A range of extreme postures is showin in figure 5.1. Some muscles close to the spine 
obviously do not undergo great length excursions, 


Figure 5.1. A jange of estreme postures was chosen 10 assess muscle length changes (able 4.2) and thelr potential 1 
produce three-dinensional moments lable 5.3). Pustures depicted are a) uprightstanding, (b) 60° flexion, (c)25° R lateral 
bending, d 10” pvist, and (e) combined. 


Lumbopelvic Rhythm 


‘The typical description of torso flexion suggests that the first 60° of terso flexion takes place in the lumbar 

spine, while any further flexion  eccomplished by flexion about the hips (see figure $.2). Although 

nation is very popular in clinical 

textbooks, we have never measured 

this strict sequence in anyone. In 

fact, Olympic weightliters attemot 

to do the opposite—they lock the 

lumbar spine close to the: neutral 

Pacman | 
if 
i 


about the hips, When the lumbar 
spine and hip interplay s quantified 
in most people, itis apparent that 
torso flexion is accomplished with 
4 combination oF hip motion and Upiight 
lumbar spine flexion. In faci, given aenng 
the ligament and annulus siresses 
associated with lumbar flexion, 
Avoidance of full spine flexian is Figure5.2__ The lurbepelvic rythm isthe textbook description of how people 
both prophylactic and therapeutic bend over. the fist 60° takes place in the lumber spine flexing), while further 
formost patients. The belief thatthe lation ofthe tra is accomplished with rotation about he hip. We have never 
lumbopelvie rythm (with disinet Meesured ths sequence in anyone—fiom professicna athlete to back patient. 
separation of sine and pelvic motion|isbenelicial, as described in so many textbooks, appearsto bea cl 
myth and not the product of quantified spine and pelvis motion, 


Spinal flexion 
and pelvic titing 
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Kinetics and Normal Lumbar Spine Mechanics 


Interpretation of the function of the anatomical components of the lumbar spine requires 


+ analysis of their architecture and neural activation of muscles, and 


+ knowledge of forces in the individual tissues (both active and passive) during a wide 
variety of tasks 


“This information is crucial for understanding how tissue overloading and injuries occur and 
also for optimizing treatment strategies for specific spine injury. Table 5-Fand figure 5.5 provide 
activation levels quantified with surface and intranmuscular electromyography (EMG) fora variety 
‘of torso muscles and over a variety of setivities, These will be referred to throughout this book. 
“This section will address several issues and controversies about the Functional interpretation of 
the thoracolumbar anatomy. Given the inability ofthe clinician and scientist to measure individual 
tissue forces in vivo, the only tenable option is to use sophisticated measurement techniques 
1» enlet various bloga signals from livin subjects and integrate them with sophisiested 
modeling approaches to estimate tissue loads, In chapter 2, | described briedy the technique we 
used to assess che various issues in this chapter (the virtual spine), 


Loads on the Low Back 
During Functional Movements 


Ofcourse, no one ean avoid performing countless functional movements every day, And if your 
patient's Form is poor for any of those movements he i exacerbating his low hack problems 
simply by going about his business, ‘Thus, you mast he able o analyze how your:patient moves 
in all sores of ordinary situations s0 that you can identify and explain where his probleaas lie, 
and how tw correct them, 


Standing and Bending Forward 


Several studies over the years have shown the flexion-relaxation phenomenon, or the apparent 
yvelectricsilence of thé low back extensor muscles during a standing-t0-full-flexion maneuver 
‘The hypothesis has heen that, as fll flexion occurs, either the extensors shut down their neural 
drive by reflex or the passive tissues simply take the load as they strain under fall flexion. A 
seudy by MoGill and Kippers (1994) using the virtual spine approach described in chapter 2 
quantified individual tissue forces, thus adding more insight into the understanding of this 
task, As one bends forward, the spine flexes and the extensors undergo ecventrie contrae- 
tion. As full flexion is approached, the passive tissues rapidly toke over moment production, 
relieving the muscles of this role and accounting for cheie myoelectrie silence. Figure 5.4 
shows the relative contribution of the muscles and the passive tissues (ligaments, ise, and 
gut) wo the reaction moment throughout the movement, while table 5.5 documents the 
{istribution of tissue forces and their moments and joint load consequence, Interestingly, 
the “relaxation” of the lumbar extensor muscles appeared to occur only in an electrical sense 
because they generated substantial force elastically during full spine fexon through stretching, 
Perhaps the tem flesion-relaxtion i inappropriate, particularly for those who may be attempting 
tw minimize forces in the musce in clinical settings. Furthermore, the shear ading is substantial 
Gee chapter fora discussion ofthe igamentand muscle directions and the loss of shear support 
inthe extensors with fall flexion) and would suggest eaution for those with spondylolisthesis or 
‘other more subtle shear instabilities, Clearly, straight-leg roe touches or knees-to-cheststretches 
would cause similar concern 


loads on the Low Back During Lifting 

During lifting, muscle and ligament forces required to support the posture and faciitate move~ 
ment impose msmmoth loads on the spine. This is why lifting technique is so important to 
reduce low back mament demands and the risk of excessive loading. ‘The Following example 
demonstrates this concept. 
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Figure 5.3 Schematic documenting various tasks during which EMG signals were obtained. They are listed in table 5. 
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Figure 5.4 During sancling to full forward flexion, then back to standing, the extensor muscles eccentrically contact but 
transer their moment supporting role (MuscleTa) to the passive tissues at full jlexion—the disc (Disc Ta), the buckled gut 
(GutTq), and the ligaments (LigT). Note that some force remains in the muscles with passive stretching, 


Table 5.5 Individual Muscle and Passive Tissue Forces and Moments During Full Flexion 


The moment was 171 Nm (38 Nm by muscle, 11 Nm by ligaments, nd 20 Nm by passive tissues, such as the disc, skin, and 
buckled viscera), The pint compression was 8145 N, and shear was 126 N. 


FORCE MOMENT (NN) COMPRESSION SHEAR (N) 
N | Flexion | taterat [twist N “Anteroposterior | Lateral 
MUSCLE 
i rectus abdominis 1 7 i 5 z 
rectus abdominis i 4 15 5 4 
Resternal oblique | efi fee 1 1 a zi “A 
Lesternal oblique 1 w | +t A 8 7 3 
R external oblique 2 7 A f 0 6 2 4 
Lesternal oblique 2 7 1 1 0 6 2 3 
R internal oblique 1 35 0 3 a a 19 20 
[internal oblique 1 B o | 3 2 TT “19 20 
Rimernial oblique 2 2 | 2 2 3 8 ar a 
L internal oblique 2 mw | 2a | 2 3 6 17 a 
R prs lumbonu (11) a 2 o a 6 2 
L pars lumborum (L1) 2 A 4 0 u 6 EY 
R pars fumbonum (12) eal eae 1 0 2% 4 2 
L pars lumborum (L2) ar ean eet o 2% 8 2 
R pars lumborum (13) 31 1 1 0 29 4 6 
1 pars lumboru (13) ct i 4 0 20 a 6 
R pars lumborum (14) 2 1 1 0 40 7 6 
L pars lumborum (L4) 32 1 4 o 30 7 6 
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FORCE MOMENT (WM) ‘COMPRESSION SHEAR (N) 
N [Flexion [ Lateral [Twist N ‘Anteroposterior [Lateral 
MUSCLE (coninued) 
Riliocosials lamborum | 58 5 4 7 7 4 a 
Lilocostalislumborum | 58 5 a 4 87 “4 1 
R longissimus thoracts 3 7 4 ° ” 2 6 
{longissimus thoracis 3 7 4 ° oh 2 6 
R quadatus lumborurn 25 1 2 o 25 3 1 
1 quadrats mboram 2 1 2 0 25 4 A 
B atissimus dorsi (15) 6 1 1 ° u Ei 6 
1 latissimus dors (15) 750) |( 1 o 14 4 6 
Rmulitidus 1 28 1 1 1 26 6 9 
Lmliids 1 26 1 5 1 26 6 =) 
K mutifidus 2 28 1 1 o 28 6 0 
| mulifidu 2 ora 4 0 26 6 0 
R psoas Lt) 25 1 2 ° 24 9 6 
L psoas (L1) 23) (Ca | 0 PY) 9 6 
R psoas 2) 25 1 2 6 24 ° 6 
L psoas (2) il |e ee 0 a 9 6 
R psoas 1) a | oo 1 0 24 9 7 
L poss 3) 25 all [lena | ° 24 9 x 
R psoas (14) a3 | o 1 1 24 6 8 
L pros La) 25 cane i 24 ° 4 
LIGAMENT. 
Anterior Tongiadinal a 0 0 0 0 a = 
Posterior longtudinal 06 2 ° ° 261 “4 = 
ligamentum flavum 2 1 o 0 2 2 = 
B imertransverse u ° 0 o 1a 3 
Lintertransverse 4 | 0 ° 0 B 3 = 
R articular ma 2 1 i 65 40 - 
{articular ran | 4 4 es 40 2 
Rarticular 2 ww | 3 2 2 8a 3 = 
Latticular 2 103 | 3 2 2 x 2 
Interspinous 1 301 | ie | o ° 142 - 
Interspinous 2 as | 14a | 0 0 Bs 268 = 
Anterspinous 3 aoa | 10 | 0 ° i) 238 
Supraspinows sa | a1 0 0 5a1 79 = 
1 humbodovsal fascia im | 8 1 o 109 ef = 
LLlumbedorsal fascia ea) (ew 6 108 A = 
PASSIVE 
Die : ny 0 0 z 
Gut, @e. u o 0 = = 
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‘A man is lifting 27 ky (69 Ib) held in the hands using a squat lift style. This produces an 
extensor reaction moment in the low back of 450 Nm (332 fv/b), The forees in the various 
tissues that support this moment im pese a eampressive kn on the lumbar spine of ever 70) N 
(1568 Ib). Table 5.6 details the contributions to the total extension moment and to the forces 
from the muscular components, These forces and their effects are predieted using the sophis- 
eated modeling approsch, which uses biological signals obtained directly from the subject 
(see chapter 2), Itshould be noted here that 7000 N (1568 Ib) of compression begins to cise 
damage in very weak spines, although the tolerance of the lumbar spine in an average healthy 
young man probably approaches 12 t0 15 kN (2688-3360 Ih) (Adams and Dolan, 1995), In 
extreme cases, compressive loadson the spines of competitive weightlfters have safely exceeded 
20 EN GH80 I) (Cholewicki, MeGill, and Norman, 1991). 

Understanding the individual masele forces, their contribution ro supporting the lowe back, 
and theireomporents of compression and shear force thatare imposed an the spine isvery useful 
Tn this particular example, the lifter avoided full spine lesion by flexing atthe hip, minimising 
ligament and other passive tissue tension and relegating the moment generation responsibility 
tw the musculature, An example in which the spine is flexed is presente later in this chapter. 
As described in chapter 4, the pars thoracis extensors are very effective lumbar spine extensors, 
given their large moment arms, Also, since the lifter’s upper body is flexed, large reaction shear 
forces on the spine are produced (the rib cage is trying to shear forward on the pelvis). These 
shear lores are supported to a very large degree by the pars lumborum extensor muscles, Fur- 
thermore, the abdominal muscles are activated but do not produce movement. Why are they 
active? These musclesare activated to stabilize the spinal column, akthough this mild abdominal 


Table 5.6 Musculature Components for Moment Generation of 450 Nm 
During Peak Loading for a Squat Lift of 27 kg (59.5 Ib) 


Muscle Force (N) | Moment (Nmi_[ Compression (N) [Shear (N) 
Rectus abdominis 5 2 24 5 
Extemal oblique 1 45 1 Ey) m4 
External oblique 2 a 2 30 H 
Internal oblique t i) 1 4 a 
Internal oblique 2 2 1 v7 6 
LLongissimes thoracis pars lumborumy La 862 35 704 86 
Longissimus thovacis pars lumborum L3 ia | 83 1422 518 
longissimus thovacis pars lumborum L2 1342 121 1382 
Longissimus thoracis pars lumborum LY 1302 110 1302 
lliccostalis lumborum pars thoracis 30 3 369 ° 
Longissimusthoracis pars thoracis 295 25 295 ° 
Quackatus lumborum 393 16 306 74 
Latissimus dorsi U5 2 6 79 2 
136 8 134 i8 
226 8 109 124 
2% 0 2B 2 
2 o 27 
28 1 7 
Psoas a 28 f ar 5 
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Mechanics of the Lu 


sctvity imposes a compression penalty to the spine. A more robust explanation of stabilising 
mechanics is presented in chapter 6 

“The preceding example demonstrates how diffusely th 
how proper clinical interpretation requires anatomically detailed free body diagrams thatrepre- 
sent reality (suchas those incorporated inco the virtual spine model). I believe that oversimplified 
freebody diagrams hare overlooked the important mechanical compressiveanil especially shear 
‘components of muscular force. This has compromised the assessment of injury mechanismsand 
the formulation of optimal therapeutic exercise, 


forces ate distributed ann illustrates 


Loads on the Low Back During Walking 


“Thousands oflow-level loading eycles are endured by the spine every day during walking. While 
the small londs i the low back during walking suggest itis a safe and tolerable setivty, clin 
have found that walking provides relief to some individuals but s painful w others. Recene work 
hhay suggested that walking speed affects spine mechanies and may account for these individual 
differences. During walking, the compressive loads on the lumbar spine of approximately 2.5 
times body weight, together with the very modest shear forces, are well below any’ known in 
vitro failure load (see figure 5.5). Strolling reduces spine motion and produces almost static 
loading of tissues, however, while faster walking, with arms swinging, causes cyclic loading of 
tissues (Callaghan, Patla, anid MeGGill, 1999 (see figure 5.6), This change in motion may begin 
to explain the relief experienced by some. Arm swinging while walking fister, with all other 
factors controlled, results in lower lumbar spine torques, muscle activity. and loading (see figure 
5.7) In fact, we have observed up to 10% reduction in spine loads from arm swinging in some 
individuals. This may be hecause singing the ams facilitates ficient storage and recovery of 
elastic energy, reducing the need for coneentric muscle contraction and the upper body aecel- 
erations associated with each step, Interestingly Kubo and colleagues 2006) reported higher 
‘on stiffness with faster walking, which would further facilitate efficient energy recovery. Also 
cresting isthe fact chat fast walking has becn shown to be a postive cofactor in prev 
‘of, and more successful recovery from, low back troubles (Nutter, 1988), 


vance» Fast Walking 


Fast walking is generally therapeutic (Nutter, 1988), Several mechanisms appear to account for this: 
reciprocal muscle activation and tissue load sharing, gentle mation, and reduced spine loads with 
‘energy conservancy from arm siwing, In contrast, these benefits do not occur during slow walking 
‘or ‘mall strolling,” which exacerbates symptoms in many because ofthe static loading that results, 
Finally, we have noted that people with a pained back exemplify the typical pained general flexor 
response in that they often tend to swing the arms primarily about the elbows, This should be cor- 
rected to arm swing about the shoulders to optimize the benefits of arm swing. 


Loads on the Low Back During Pushing and Pulling 
(ur insights into the mechanics of pushing and pulling were obrained from our investigations 
‘originally intended to set occupational limits for allowable safe loads (see Lett and NicGail, 
2006). Both “novice” (senior university students) and “expert” (Firefighters) pushers/pullers were 


fhutanct> Pushing and Pulling—Technique is Critical 


The technique used in pushing and pulling is very dominant in determining the load on the back, 
The magnitude ofthe hand forces is almostirretevane until extremely high pushing and pulling forces 
are required. Specifically, when hand forces are directed through the low back, they do not create a 
‘moment and in this way muscle forces are nok required to support a moment. For athletes like rugby 
players or strongmen competitors pulling a bus, this same technique is used. Here the pushing or 
pulling force is driven as close through the feet as possible to enhance the foot grip together with 
ensuring minimal joint torque. 
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Figure 5.5 Loads on the lumbar spine (normalized to body weight) during three speeds of walking and with normal 
aim swing. The curves are normalized for one stride right heel contact 1o right heel contact). (a) L4-L3 compression, ib) 
anterior-posterior shear forces in which positive indicates anterior shear ofthe superior vertebrae, (c lateral shear iorce in 
‘which positive indicates right shear of the superior vertebrae. 

agit am Cnet Blech, 14, Calla, AE. Pals, and SM. MG, “ow bak tener pin forces, Knead ns ting, 
‘walking 203-216, 1998, wth permission rom Eko Sie, 


recruited. ‘The expert firefighters experienced much lower spine forces. They cleverly used body 
mechanics with body lean to generate the driving force and to direct the hand forces through 
the low hack, resulting in very small low hack moments. ‘The implication is that, once aj 

the motion and motor patterns that the firefighters elected to use resulted in their superior 
performance and safety. In this way the magnitude of the push/pall loads became much less 
important for the ack. ‘Technique was dominant! 


loads on the Low Back During Sitting 
Nachemson (1966), using intradiscal pressure measurements, documented the higher loads on 
the dises in various sitting postures compared to the standing poste. Normal siting causes 
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Figure 5.6 Lumbar motion during three speeds of walking for one normal subject normalized to RHC to RHC): fa/lumbar 
flexion-exiension in which extension is positive, (b) lateral bend in which positive indicates bend to the right, (¢)axial twist 
in which positive indicates the upper body twisting tothe right 


flexion in the lumbar spine, and people, if left alone, generally sit ina variety of flexed postures 
(Callaghan and McGill, 2001), Siting generally involveslower abdominal wall activity (particu- 
larly the deep abdominal mascles) compared to standing, and generally higher extensor activity 
vith unsupported sitting (Gee Callaghan, Path and McGill, 1999, for walking and Callaghan 
and MeGill,2001b, for sitting). Sitting slouched minimizes muscle activity, while siting more 
upright requires higher activation ofthe psous and the extensors Guker, McGill, Kropf,and Seef- 
fen, 1998). Ful flexion increases dise annulus stresses; this posture has produced disc herniations 
in the lab (c.g, Wilder, Pope, and Frymoyer, 1988). In fact, Kelsey (1975) discovered a specific 
link between prolonged siting and the incidence of herniation. More upright siting postures, 
and the concomitant psoas and other muscle activation, impose additional compressive loads on 
the spine. Changing lumbar postures causesa migration of the loads from one tissue to another, 
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Figure5.7 Activation profiles EMG signals) from [4 torso muscles during three speeds of walking with normal arm swing 
and normalized to RHC to RHC. The muscle pairs are (RA) rectus abdlominis, (FO) external oblique, (10) internal oblique, 
(LD) latissimus dersi, (TES) thoracic erector spinae, (LES) lumbar erector spinae, and (MULT musifidus. 
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Callaguan and MeCGll 20016) suggested that ne singh ideal sing postureesisns rather, a variable 
posture isrecommended as strategy to minimize the rsk of ussue ovetload For example Snijders 
anulcalleagues(2006) have suggested thata crossleyued” siting posture stabilizes the seroiiac 
joines via passive tensioning ofthe liclumbar ligament and piriformis muscle, 


Loads from Backpack Carriage 

Backpacks come in various designs that affect low back loading. Generally if rough terrain is 
anticipated, the Inad shold be placed low in the pack to minimize the moment armor distance 
to the low back. As the load is carried over rongh ground it accelerates and decelerstes. The 
load placed eloser to the low hack redacs the terso forces needed to move the backpack load. 
On the other hand ifsmooth ground is anticipated, carrying the load high in the pack, and over 
the fulerum of the law back and hips, requires smaller torso muscle forces—and lower humbar 
spine loads resul. 


fulsancr > Backpack Carrying 


Now for the curious situation in which hackpacks can reduce spine foads—and thus form one 
‘of our exercise based thempy prescriptions. An individual who is flexion intolerant, and also has 
posterior discogenic back pain exacerbated by prolonged siting, generally has dificulty standing 
up. Upon standing, ¢ forward torso angle (antalgic posite) remains. ¥ this type of individual con 
tolerate compression, we prescribe weering a backpack with about 10 kg 22 Ib) placed lowy in the 
backpack (about the level ofthe lumbar spine) and going for a walk over uneven ground, Wearing, 
the backpack acts to generate torso extensor moment, bringing the torso into an upright posture. 
This alleviates the spine extensors, which were previously contracted in the standing, but flexed, 
posture, Given their larger moment arm, this reduces the compressive load on the spine, The com- 
pression reduction from the muscles shutting down fs larger than the extra compression from the 
‘additional oad in the pack, resulting ina net reduction in total compression on the back. Walking 
‘over uneven ground provides gentle mation to the lumbar spine, which i therapeutic to the type 
(of discogenic person we are descrihing here. Typically the patient returns saying, “Thanks—that 
was amazing” Thus, while some have blamed backpacks as a source of back troubles, they can 
‘actually be used therapeutically, 

I eecall a radio interview in which a chicopractor was claiming that children carrying backpacks 
‘over one shoulder was a serious problem, and the interviewers phoned for my “orvair® comment. 
No doubt some children will experience troubles, buc there is also a jraining opportunity here, 1 
the children were to switch shoulders frequently, this problematic task would become clever back 
training! The issue of the taining load versus the dangerous load hinges on sorre subtle modula 
tors, Perhaps the chiropractor was right—have the children carry their backpacks on both shoulders. 
But the technique of changing shoulders would have changed a perceived danger into training for 
better health and periormance. 


Loads on the Low Back During Various Exercises 


Because exercise isa crucial element of rehabilitation for low back problems, itis crucial that 
‘you understand the loads you are imposing on vour patient’ back when you preseribe an exer- 
‘ise, Otherwise what was intended to be therapeutic may become an exacerbating Factor for her 
hack troubles. Mastering the information in this section will increase your ability totailor every 
exercise to each clients unique needs nex only ar the outset of treatment, hut at every stage of 
her progression toward betier low back health 


loads on the Low Back During Flexion Exercises 


Very few studies (only our own that we are aware cf) haye quantified the tissue loading on the 
Jow back tissues during various types of torso flexion exercises, although some have measured 
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the EMG activity ofselected museles (eg, Flint, 1965; Halpern and Bleck, 1979; Jete 


Sidney; and Cieutt, 


1984). This type of information alone can provide insight into relative muscle challenge, hutit is restrictive for 
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Figure 5.8 Acivation of the psoas and the abdominal 


‘muscles in 2 variety of flexion tasks trom a. group. of 
highly trained subjects ive men and three women 


guiding exercise prescription decisions because 
the resultant spine lead is unknown. The goal is 
to challenge muscle at appropriate levels but in 
a way that spares the spine, Too many exercises 
are prescribed for hack sutferers that exceed the 
tolerance of their compromised tissues. Infact, I 
believe that many commonly prescribed flexion 
exercises result in so mich spine compression that 
they will ensurethat the person remainsa patient 
For example, the traditional sit-up imposes 
approximstely 3300 N (about 730 Ib) of com- 

‘on the spine (Axler and MeGill, 1997), 
$illastrates psoasand abdominal muscle 
aciivation levels in a yariety of flexion tasks, 
while figure 5.9 illustrates activation patterns 
with bent-knee sit-ups, and figure 5.10 illustrates 
activation patterns with bent-knee curl-ups.) 
Note that mascle activation levels are expressed 
in normalized units (% MVC). This means that 
the activity is expressed as a percentage of what 
would be observed during a maximal voluntary 
contraction (MVC), thus quantifying activity in 
a physiolagical and functional context. Further, 
the spine is very flexed ducing the period of this 
load (MeGill, 1998). The National Insitute for 
Occupational Safety and Health (NIOSH) (1981) 
hhas set the action limit for low bac compression 
at 3300 N; repetitive loading above this level is 
linked with higher injury rates in workers, yetthis 
is imposed on the spine with each repetition of 
the sit-up! Table 5.7 shows the quantification of 
a sariety of pash-up exercises, 

Many recommend performing: situps with 
the knees bent, the theory being that the psoas is 
realigned 1 reduce compressive loading, oF per 
hhaps the psoas is shotened on the length-tension 
relationship so that the resulting forees are 
reduced. After examining both of these ideas, we 
found ther to be untenable, Werecruited a group 
of women who were small enough to fit mto a 
‘magnetic resonance imaging (MRI) scanner, We 
placed each woman into the scanner and varied 
her knee and hip angles while she was supine 
(Santaguida and McGill, 1995). ‘The psoas did 
not change its line of action, mor could it since it 
is attached to exch vertebral body anid transverse 
process (as the lumbar spine increases lord 
the pros follows this curve), The psoas does not 
change its role from a flexor to an extensor as 
function of lordosis—this interpretation exror 
Decurred from models in which the psoas was 
represented 28 straight-line paller. In fact, the 
psoas follows the lordotie curve as the lumbar 
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Figure 5.9 Activationdime histories of the same subjects as in figure 5.8 performing a bent-nee situp. Surface and 
indwelling electrodes are indicated 


spine fle 


and extends, Further it is true that the psoas is shortened with hip flexion, but its 
activation level is higher during bent-knee sit-ups Juker, McGill, Kropf, and Steffen, 1998), 
not lower as has been previously thought, ‘This is because the hip flexion torque must come 
from somewhere, and the shortened psoas must contract o higher levels of activation given 
its compromised length. Given that the sit-up imposes such a large compression load on 
the spine, regardless of the leg’s being bent or straight, the issue is not which type of sit-up 
should be recommended. Rather, sit-ups should not he performed ac all by most people. Far 
hetter ways exist to preserve the abdominal muscle challenge while imposing lower spine 
loads. ‘Those who are training for health never need tn perform a sit-up: those training for 
performance may get herter results by judicionsly incorporating them inte their roatine 
‘While part Ill ofthis book (*Low Back Rehabilitation”) offers specific preferred exercisesand 
challenges to specific muscles, few flexion exercises will be reviewed here, Fest, hanging with 
the arms from an overhead bar and flexing the hips to raise the legs is often thought t impose 
Jow spine loads because the body is hanging in tension—not compression. This is faulty lo 
This hanging excreise yenerates well over 100 Nun of abdominal torque (Axker and MeGill, 
1997), This produces almost maximal abdominal activation, which in turn imposes compressive 
forceson the spine (see table 5.7). (Note: Hanging with bent knees resulted in higher average 
spine loads due to the imprecise technique employed by many subjects who alloyed substantial 
lumbar fexion, Further, few subjects were able ty maintain form during the saight-leg hang. 
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— Pscas 1 indwelling electrodes 
— Rectus aadominis surface electrodes 
External abique indweling electrodes 
Internal eblique indveling electrodes 
Transversus abdomins indwelling electrodes: 


Figure 5.10 Activatian-time histeries for the same group periarming curl-ups, 


Good form is important but requires substantial athletic ability) Similar activation levels can be 
achieved with the side bridge (shown later and discussed in detail) with lower spine loads, 

‘This having been stated, those who are not interested in sparing their back and are training 
“with performance objectives may benefit from the high psoas challenge, together with rectus 
abdominis and oblique activ the curl-up primarily targets the rectus (both upper 
and lower), and generally other exercises should be performed to train the obliques. Some 
have suggested 4 twisting curl-up to engage the obliques, but this results in « poor ratio of 
‘oblique muscle challenge to spine compression compared to the side-bridge excroise (Anker and 
MeGill, 997) —making the side bridge a preferred exercise. 


Loads on the Low Back During Push-Up Exercises 


Many have recognized that many forms of spine stabilization exercise engage the abdominal 
hoop camprising rectus ahdominis, the internal andextemal obliques, and transverse abdominis 
in an isometric contraction (MeGil, 2006), For this reason, push-up exervises are sometimes 
sed at tomo training exercise, Clinieal observation confirms that performing push-upsebiits 
hack pain in some patients yet others find push-ups relieving. [n our quantification of push-up 
exercises, ve examined styles ranging from traditional wo placing dhe hands on labile surfaces 
(halls), staggered hand placement, cnearmed push-ups, and soon (Freetvan eral, 200) While 
performing push-ups with the hands on labile surfaces has some effect on spine loud, the one- 
armed and more ballistic forms ofthe exercise requiring the hands to move are much mare spine 
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Table 5.7 Total Compression While demanding (see table 5.8) Those interested 
Performing Different Styles of Push-Ups i ‘halsvsias the alnominal obliques . 
Exercise: Compression (N)__-gered hand placement through the torso will, 
jhe interesced in the quite modest increase in 
Bandi 13s spine compression demand. Not surprisingly, 
inn 5a48 the plyometric formsofthe push-upsare much 
more muscularly demanding and therefore 
Staggered Hands — Right Forward 2532 result in higher spine load, This may be a 
Cane oer tere 2a concern fe those who may’ he found to he 
sensitive to spine compression during provaca- 
Right Hanlon Ball ans tive diagnostic testing. Spinal bading during 
many forms of the push-up is substantial. 
EetHantondall 2 “There is litle wonder that these exercises are 
2 Handson 1 Ball 2ato problematic for some painfal backs. On the 
ciher band, they may be very appropriate as 
Hand on 2: Balle (1/on each) aap an abdominal plyometric exercise for high- 
Altarating 624 performance individuals, 
Clopring 4099 Loads on the Low Back 
Fast Concentric 3905 During Extension Exercises 
As with the lexion exercises discussed in the 
Slow Fecenti 2 


2, “anf acl pate ae ope 
pashan” Medicine and elence in Spots ad ee. 34 


eens ie studies have explored extension exercises, but 
7 only one attempted to quantify the resuiing 
tissue loads, Exercise prescriptions will not be 
suceessfl ifthe spine loading is not constrained forhad backs. Using the virwal spine approach, 
Callaghan, Gunning, and McGill (1998) attempred to rank extension exercises on the muscle 
challenge, the resultant spine load, and theie optimal ratio. The bey to preserving a therapeutic 
izing the spine load is to activate only one se of che spine 
‘musculature ata time, The muscle anacomy seetion in chaprer + deseribes the functional sspara- 
tion ofthe thoracic anu lumbar portions of dhe lengissitnus and ilioeostalis, For the purposes of 
this discussion, we can think of the extensors in four sections—right and left thoracic portions 
and right and left lumbar portions. The common extension task of performing torso extension 
‘ith the legs raced and the cantilevered upper body extending over the end of a bench or 
Roman chatr (figure 5.1 a) activates sll four extensor groups andl typically imposes over 4000) 
NN (about 890 Ib) of compression on the spine, Even worse is the commonly prescribed back 
extension taskin clinics, in which the patient lies prone and extends the legs and outstretched 
arts; this again activates all four extensor sections but imposes up to 6000 N (over 1300 Ib) on 
aahyperestended spine (figure 5.111). This is nox justifiable for any patient! 

Several aratinns of exercise technique can preserve activation in portions af the extensors 
and greatly spare the spine of high load For example, kneeling on all fours andlewtending one le at 
the hip generally activates one side ofthe humbar extensors to oxer 20% of maximum and imposes 
‘only 2000 N of compression (gure 5.11. Performing the bird dog, in which the opposice arm is 
extendedatthe shoulder while theley israived (fgure 3.11, aes activ 
extensors (generally around 30-40% of maximum) and contains the spine loud ro about 3000 N, In 
audition, the special techniques shown for ths everise in chapter 12 artempe t enhance the motor 
‘control system to groove stabilizing patterns. For data describing these exercises, see table 5.9 


muscle activation level while ri 


woone sideofthe thoracic 


Dubious Lifting Mechanisms 


Inthe 195(s and 1960s spine biomechanists faced a paradox. "The simple spine models ofthe 
éay predicted thatthe spine would be crushed to the point of injury during certain lifting tasks, 
yet when people performed those task, they walked away uninjured, ‘This mocivated several 
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Table 5.8 Low Back Moment, Abdominal Muscle Activity, 
and Lumbar Compressive Load During Several Types of Abdominal Exercises 


MUSCLE ACTIVATION 
Moment (Nm) | Rectus abdominis (%> MVC\* | External oblique | Compression (N) 
Streightleg situp 148 121 70 3506 
Bent-legsitup 154 103 70 3350 
Cuil-up, feet anchored 2 87 45 2009 
Cuilup, feet free al 0 as 1991 
Quarter situp 114 78 4a 2392 
Straightleg raise 107 57 5 2525 
Bent-leg raise 82 6 m4 Ver 
Cross-knee curl-up ny fo) 7 2968 
Hanging, straight leg 107 12 0 2805 
Hanging, bent leg Ba 7 6 aa 
Ikomettic side bridge 2 48 50 2505 


Figure 5.11 Specific extension exercises quantified for muscle activation and the resullant spine 
load (shown in table 5.9): fa)trunk extension, (b) prone leg and trunk extension, (c)singleleg exten 
sion, andl single-leg are! contralateral arm extension tbitd dog) 


research groups to theorize about mechanisms that could unload compressive stresses from the 
spine, Researchers proposed three major mechanisms: the intra-abdominal pressure mechanism, 
the lumbodorsal fascia mechanism, and the hydraulic amplifier, Although none has survived 
scrutiny, clinical vestiges sill remain, Nonetheless, some components provided insight for 
subseqnent study and led to the understanding that we have today: For this reason they will he 
reviewed brielly here 


Intra-Abdominal Pressure 


Does intra-abdominal pressure (IAP) play an important role in the support of ehe lumbar 
spine, espevially during strenuous iting, as his been claimed for many years? Anatomical 
accuracy in representation of the involved tissues has been influential in this debave, Further, 
research on lifting mechanies has formed a cornerstone for the prescription of aldominal 
belts for industrial workers end has motivated the prescription of abdominal strengthening 
programs, Many researchers have advocated the use of IAP asa mechanism to directly reduce 
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Table 5.9 Mean Activation Levels (+ 1 SD) of 14 EMG Channels for 13 Subjects 
Performing a Variety of Extensor-Dominant Exercises (Expressed as a Percentage of MVC) 


Hectromyographic Calibration 
channel Right leg | Left leg Trunk | posture 
Right RA_X 33 27 31 1a 
sp 24 19 18 Lo 
Rig FOX a4 49 a7 10 
so 49 15 i w 06 
Right 1X 120 az | 156 | 120 ai | 27 19 
sp 68 25 82 42 wor | 10.8 12 
Right LD X a sa | mo | 125 na | 6s 39 
sp 54 35 96 64 43 40 as 
Right TES X a7 a7 | is | 468 | 61 | 454 210 
sp 20 75 66 293 188 | 106 0 
Right LES X W27 uz | 28a (94 wa | 578 a3 
sp 94 49 | 102 19 7 | as 46 
Right MF xX 29 a TT sie | 478 14 
sp 63 60 a2 io | 14a 36 
isa x 43 36 44 42 65 a7 22 
so 34 36 38 39 3a 24 2a 
TeiEO x 5a 80 62 158 53 ra 
so 20 38 25 66 32 Ko 
tei 1.0 na | 226 | i52 10 Le 
sp uo 70 92 3a 13 
Teil x a5 so | 107 «2 02 a at 
sp 43 4s | a2 4a 3d 4 as 
lentes x 15.0 as | 429 | (05 Be | ale na 
sp 75 zo | 205 59 227 | 100 48 
Teh Les 13 168 | 10s | 255 368 | 57.0 23 
sp 66 4s 7A 73 us| uz a 
lei rr) na | we | ue | aa | 533 Tar 
sb 70 a 72 67 ta | 120 43 


“Fiearomingainie anne WA ean abois mach, EO ~exenl oli mais: 19 ives Hae rnc: 1D las da ase, TS = trace 
‘ator sph tmace Es ~hisa enc sae mech; NF~lliamace alate pune: samdoy nk eed 0, el hao ace, 10 


22 he nhc with a hanging can 


Jumbar spine compression (Bearn, 1961; ‘Thomson, 1988), However, some researchers believe that 
the role of JAP in reducing spinal loads has been overemphasized (Grew, 1980; Krag etal, 1986). 


Anatomical Consistency in Examining the Role 
of Intra-Abdominal Pressure 
Morris, Lucas, and Bresler (1961) first operationalized the mechanics of the original proposal 
into a model and described it as follows. Pressurizing the abdomen by closing the glocts and 
bearing down during an exertion exerts hydraulic force down on the pelvic loorand up on the 
diaphragm, creating a tensile effect over the lumbar spine or at last alleviating some of the 
compression. Missing in the early calculations of ths hydraulic potential was the Full acknow- 
edgment of the necessary abdominal activity (contracting the abdominal wall imposes extra 
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‘compression on the spine). But evaluation of the trade-off between the extra abdominal muscle 
‘compression and the hydraulic relief depended on the geometrical assumptions made. Some of 
these assumptions appear wo be outside of biological realty. In fact, experimental evidence sug 
{gests thar somehow, in the process of building up LAP, the net compressive load on the spine is 
increased! Krag and coworkers (1986) observed inereased low back EMG activity with increased 
IAP daring voluntary Valsalva maneuvers, Nachemson and Morris (1964) and Nachemson, 
Andersson, and Schultz (1986) showed an increase in intradiscal pressure during a Valsalva 
maneuver, indicating a net increase in spine compression with an increase in TAP, presumably 
a result of abdominal wall musculature activity 

In our own investigation, in which we used our virtual spine model, we noted that net spine 
‘compression was increased from the necessary concomitant abdominal activity to inerease IAP. 
Furthermore, the size of the eross-sectional area of the diaphragm and the moment arm used 
to estimate force and moment at the lower lumbar levels, produced by IAP, havea major effect on 
‘onclusionsresehed about the role of AP (MeGill and Norman, 1987). The disphragm surface ares 
vastakenas243 on’, and shecentroid ofthis area was placed3.8em anterior to thecenter of the T12 
ise (compare thexe values with those used in other studies: 511 en forthe pele Boor, 465 ean” for 
the digphragm, and moment arm distances of up to 1 L-tem, which is outside the chest in most 
people). During squats, che net effect ofthe involvement ofthe abdominal musculature and 
IAP seems to be to increise compression rather than alleviate joint oad, (A detailed description 
and analysis of the forces are in MeGill and Norman, 1987.) This theoretical finding agrees 
with the experimental evidence of Krag and colleagues (1986), who used EMG to evaluate the 
effect of reducing the need for the extensors to contract (they didn't), and of Nachemson and 
colleagues (1986), who documented increased intradiscal pressure with an increase in IAP. 


Role of IAP During Lifting 


‘The generation of appreciable IAP during lond-handling tasks is well documented. The role 
‘of INP is no. Farfan (1973) suggested that IAP creates a pressurized visceral cavity to maintain 
the hooplike geometry of the abdominal muscles. In recent work in which they measured the 
tistance of the abstaminal muscles to the spine (moment arms), MeGill, Juker, and Axle (1996) 
‘were unable to confirm substantial change in abdominal geometry when activated in astanding 
posture. However, the compression penalty of abdominal actviey cannot be discounted. The 
spine appears to be well suited to sustain increased compression loads if intrinsic stability is 
increased. An unstablespine buckles under extremely low compressive loads (e.., approximately 
20N, or about § Ib) Lucas and Bresler, 1961). The geometry of the spinal musculature suggests 
that individual components exert lateral and anterior-posterior forces.on the spine that can be 
thought of as guy wires on a mast to prevent bending and compressive buckling (Cholewieki 
and MeGill, 1996). As well, activated abdominal muscles ereate a rigid eplinder of the trunk, 
resulting in a stiffer structure, Recently, both Chelewicki and colleagues (1999) and Grenier 
and colleagues (in press) documented increased torso stiffness during elevated IAP e1 
accounting for similar abdominal wall contraction kvels, Italso appears that TAP can influence 
pelvic mechanics and pain. Mens and colleagues (2006) noted higher pelvic ring forces with 
elevated LAP, which may stabilize some yet destabilize others—depending on the nature of 
tissue compromise, ‘The clinical solution for this divergence is to perform provocative testing 
to reveal whether the patients problem is helped or exacerbated. Thus, although the incressed 
IAP commonly observed daring lifting and in people experiencing back pain does not have a 
Girect role in reducing spinal compression or in adding to the extensor moment, itdoes stiffen 
the trunk and prevent tissue strain or failure from buckling. 


Lumbodorsal Fascia 


Recent studies have attributed various mechanical roles to the lumbodorsal fascia (LDF), In 
particulag, some have suggested that the LDF reduces spine loads—solving the paradox noted 
‘earlier, In fact, some have recommended lifting postures based on various interpretationsof the. 
mechanics of the LDF. Gracovetsky, Farfan, and Lamy (1981) originally suggested that lateral 
forces generated by internal oblique and transverse abdominis are transmitted t) the LDF via 
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their attachments to the lateral border: They also claimed that the fascia could support substantial 
extensor moments, Further, lateral tension from abdominal wall attachments was hypothesized 
to increase longiaudinal tension from Poisson's effect, eausing the posterior spinous processes 
tw move cogether resulting in lumbar extension. This sequence of events formed an attractive 
proposition because the LDF has the largest moment arm ofall extensor tissues. Asa result 
any extensor forces within the LDF would impose the smallest compressive penalty tovertebral 
‘components ofthe spine. 

“Three independent studies, however, examined the mechanical role ofthe LDF andeotlectively 
<uestioned the idea that the LDF could support substantial extensor moments (Macintosh and 
Bogduk, 1987; MeGill and Norman, 1988; Tesh, Duna, and Evans, 1987). As previously noted, 
regardless of the choice of LDF activation strategy, the LDF contribution to the restorative 
extension moment was negligible compared with the mach larger low back reaction moment 
required to supporta load in the hands. Iss function may be that of an extensor muscle retinaeu- 
Jam Bogduleand Macintosh, 1084). Huis, Aspden, and Hickey (1990) proposedon theoretical 
grounds that the LDF acts to increase the force per unit of eross-sestional area that muscle can 
produce by up w 30%. They suggested that this increase in force is achieved by constraining 
hhulging of the muscles when they shorten. Thi contention remains to be proven. Tesh, Dunn, 
and Evans (1987) suggested that the LDF may be important for supporting lateral bending. 
Furthermore, theres no question that the LDF is involved in enhancing stability of the Iambar 
‘column, No doubt, complete assessment of these notions will be pursued in the Future, 


Hydraulic Amplifier 

‘The final mechanisin hypothesized 10 unload compressive stresses from the spine was the 
hydraulic amplifier. This hybrid mechanism depends on three notions, First, the elevated [AP 
preserves the hooplike geometry of the abdominal wall during exertion, The IAP most aso exert 
hydraulic pressure posteriorly over the spine and presumably through to the underside of the 
LDE. Finally, as theextensor muscle mass contracts, twas proposed to “bulk” upon shortening, 
again increasing the hydraulic pressure under the fascia. ‘The biomechanical attraction of the 
pressure under the fascia is that any longitudinal forces generate in the facia redhuce the need 
for the underlying muscles to contribute extensor forces, thereby lowering the compressive load 
‘on the spine. Both of these proposals were dismissed. Given the size of the fascia, hydraulic 
pressures would have to reach levels of hundreds of mmllg, Pressures ofthis magnicude simply 
are not observed during recording (Carr ¢tal., 1985). Moreover, the presence or absence of 
TAP makes litde difference on the hooplike geometry of the abclorninal wall (McGill, Juker, and 
Aaler, 1996), as this is more modulated Ly the posture. 


IAP, LDF, and Hydraulic Amplifier: A Summary 


IAP, the mechanical rele of the LDF, and the existence ofthe hydraulic amplifier were proposed 
to account for the paradox that people were able to perform lifts that the simple models sug~ 
gested would crush theirspines, Ye, although both IAP and the LDF appear 10 play some role 
in lifting, none of the three proposed mechanisms was a tenable explanation for the paradox of 
imcrushed spines under hervy loading, whether considered separately or combined with the 
‘other two, ‘The problem lay in the simple models of three and four decades ago, Not only were 
the rather complex mechanics not represented with the necessary detail, but also the strength of 
the tisues to bear load was also quite underestimated in the early tests that used old cadaveric 
samples that were crushed undemeath artificially stiff rams of materials-testing machines that 
caused failure ton early 


Other Important Mechanisms 
of Normal Spine Mechanics 


Several other features of spine mechanics influence function and ultimately underpin strategies 
for injury prevention and rehabilitation. ‘The most important are presented here. 
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Biomechanics of Diurnal Spine Changes 


Most people have experienced the ease of taking off their socks at night compared to putting 
‘them on in the morning, ‘The diurnal variation in spine length (the spine being longer after 


EE, CAL > & 
mruevance > Early-Morning Exes 


People should not undertake spine exer 
cises—particuilarly those that require 
{ull spine flexion or bending-—just after 
‘ising rombed, given the elevated tissue 
stresses that result, This would hol true 
for any occupational task requiring full 
spine range of motion. 


pressures in the dise nucl 


ens exceed the hydrostatic pressure, causing thi 


a night’ hed rest), together with the ability 
to flex forward, has been well documented. 
Reilly, Tynell, and Troup (1984) measured 
losses in sitting height over « day of up to 
19 mm. ‘They also noted that approximately 
54% of thisloss accurred in the first 30 min 
utes after rising. Over the course of a day, 
hydrostatic pressures cause a net outflow of 
fluid from the disc, resulting in narrowing 
of the space between the vertebrae, which 
in turn reduces tension in the ligaments. 
Whena person lies down ot night. osmotic 
e dise to expand 


Adams, Dolan, and Hutton (1987) noted that the range of lumbar flexion increased by 5° to 


6° throughour the day. 


the increased fluid content after rising from bed caused the lumbar 


spine w be more resistant to herding, while the musculature dis! not appear to compensate by 
restricting the bending range. Adams and enlleagues estimated that dise-bending stresses were 


increased by 300% and ligament stresses by 80% in the morning compared co the even 


ag; they 


concluded thar there isan increased risk of injury to chese tssues during beading forward early 
inthe morning, Recently, Snook and colleagues (1998) demonstrated that simply avovding full 


lumbar fewon 
smechsnism, 


Spinal Memory 


the morning reduced back symptoms. We are beginning to understand the 


The function of the spines modulated by certain previous activity. ‘This occurs because the load- 
ing history determines disc hydration (and therefore the sizeof the disc spaceand dise geometry), 


whic! 


in turn modulates ligament rest length, joint mobility, stiffness, and load distribution. 


Consider the following seenario: McKenzie (1979) proposed thatthe nucleus within the annulus 
rmigratesanteriorly during spinal extension and posteriorly during flexion. McKenzie'sprogram 


‘of passive extension of the lumbar spine (which is currently 


popular in physical therapy) was 


based on the supposition that an anterior movement of the nucleus would decrease pressure on 
the posterior portionsofthe annulus, which isthe most problemati site of hemiation, Because 
‘of the viscous properties of the nuclear material, such repositioning of the nuceas is notimmedi- 
ate after a postural change but rather takes time. Krag and coworkers (1987) observed anterior 


‘movement of the nucleus di 


1g lumbar extension, albeit quite minute, from an elaborate 


experiment that placed radio-opaque markers in the nucleus of cadaveric lumbar motion 
segments, Whether this observation was caused simply by a redistribution of the centroid 
‘of the wedge-shaped nuclear cavity moving forward with flexion or wasa movement of the 
hole nucleus remains to he seen, Nonetheless, hydraulic theory would suggest lover bulging 
forces on the posterior annulus if the nuclear centroid moved anteriorly during extension, If 
‘compressive forces were applied toa disc in which the nuclear material was still posterior (ss in 
lifting immediately fier a prolonged perio of flexion), concentration of stress would occur 


‘on the posterior annulus. 


While this specitic area of revarch needs more development, 2 time constant seems to be 


associate with the sedi 


bution of nuclear material, Ifvsisresuk is correct, itywould be ur 
to lift an object immediately following prolonged flexion, such as sitting or stooping (c 


sooped gardener should not stand ereet and immediately lift 2 heavy object), Furthermore, 
‘Adams and Hatton (1988) suggested that profongedt full flexion may cause the posterior liga- 


ments to creep, which may allow damaging flexion postures to go unchecked if lord 
‘controlled during subsequent lifts. In 2 study of postenor passive tissue creep during sit 


isis noc 
ingina 


Souched posture, McGill and Brown (1992) showed that over the 2 minutes following 20 min 
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Mechanics of the Lis 


[ERXe. > Functional Significance of Spinal Memory 


It would appear protective to avoid loading immediately aftera bout of prolonged flexion, tn the 
‘occupational world this has relevance to ambulance drivers, for example, who drivetoan accident 
scene without the luxury of time to: warm up (ar reset the passive tissues) before iting, They would 
bbe wise to sit with a lumbar pad to avoid lumbar flexion and the associated creep, The athletic 
|world provides good examples as well, such as sitting an the bench before engaging in play. Those 
‘with sensitive backs would do well to avoid sitting on the bench with a flexed lumbar spine while 
‘waiting © perform, We recertly quantified the loss of compliance in the lumbar spine with bench 
sitting between bouts of athlesic performance (Green, Grenies, ene! McGill, 2002) n elite volleyball 
players, Viscosity isalso a consideration in prolonged postures since “internal fiction” Increases with, 
prolonged static postures. Siting in this way, and the associated changes in stifiess and viscosity, 
are detrimental io athletes’ performance and increase their risk of injury. We will address ths issue 
‘more completely in chapter 13. 


utes of fill lesion, subjects regained only half of their intervertebral joint stiffness, Even after 
30 minutes of rest some residial joint laity remained. This finding is of particular importance 
for individuals whose work is characterized by cyclic bouts of full end range of motion postures 
followed by exertion, Before lifing exertions following a stooped posture or after prokonged 
sitting, a case could be made for standing or even consciously extending the spine for a shore 
period, Allowing d 

ated with norinal lordosis, may decrease forces on the posterior nucleus in a subsequent lifting 
tusk, Ligaments will regain some protective stiffness during a short period of lumbar extension, 
In conclusion, the anatomy and geometry of the spine are notstatic. Much research remains to 
he done to understand the importance of tissue loading history on subsequent biomechanics, 
rehabilitation therapies, and injury mechanics. 


nuclear material to “equilibrate,” or move anteriorly te 4 position associ- 


Anatomical Flexible Beam and Truss: 
Muscle Cocontraction and Spine Stabi 


ty 


‘The esteoligamentous spine is somewhat of an anatomical paradox: I is a weight-bearing, 
ipright, Hecible ral. Observational, the ability of the joints of ehe humbar spine to bend i 
any direction is accomplished with kage emounts of muscle eoactivation. Such coactivation 
patterns are counterproductive to generating the torque necessary to support the applied load 
Cosetivation i also counterprodactive to minimiee the load penalty imposed om the spine fr 
muscle contraction. Researchers have postulated several ideas to explain muscular coactivation: 
‘The abdominal muscles are involved in the generation of LAP (Davis, 1959) or in providing 
suppor forces to the lumbar spine via the LDF (Gracovetsky, Fartsn, and Lamy, 1981), These 
ideas have not been without opposition (see previous sections). 

“Another explanation for muscular coactivation istenable, A ligamentous spine will fil under 
‘compressive loading in a buckling mode, atabout 20 N (abut 5 Ih) (Laucas and Bresler, 1961). 
Inather words, « bare spine is unable to bear compressive load! The spine ean be likened to 
a flexible rod that will buckle under compressive loading, However, ifthe rod has guy wires 
connected to it, like the rigging on a ship's mast, athough more compression is ultimately 
experienced hy he rod, itis able co bear much more compressive [oad since itis stiffened 
and therefore more resistant to buckling, ‘The cocontraeting musculature ofthe lumbar spine 
(che flasble beam) can perform the role of stabilizing guy wives (the truss) teach lumbar 
vertebra, bracing itagainst buckling. Recent work by Crisco and Panjabi (1990), as well as by 
Cholewicki and McGill (1996), Cholewicki, Julurv, and McGill (199), and Gardner-Morse, 
Stokes, and Laible (1995), has begun to quantify the influence of muscle architecture and the 
necessiry eoactivation on humbar spine stability. The architecture of maay torso muscles is 
especially suited for the roleof stabilization (Macintosh and Bogduk, 1987; MeGill and Norman, 
1987). 
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Injury Mechanisms 


“Many clinicians engineers, and ergonomas tele thar reaing the ds of lw bak njry 
involves the reduction of appli leads to te varous anatomial Components a sk of jr. 
Wathcur question, reducuon of excessne loads bene- 

cial, but this is an overly simplistic view. Optimal tissue " 

health requires an envelope of loading, nottoo much or ~_ Muscular Cocontraction 

wo ide While goons regu lower also ieee ame Gametime 
fede te rik in sedentary orcapatons the nskean be eel 0 use abc or 
hemerreduedwithmore lading and varying thenatwre cout jusiy ighly coconiactng the 
afte loading To decide wich shes the clnician mst sete mininlze the potential OF 
Injury, which comes in twa per, Fit io beef review ep mRGu 

of toinjary mechanism of individual tissues second is 
a desis oF ie ify patient and sorely voce Als al ea i 
scunding of generic situations for low back tissue damage described in the tissue injury primer 
deh ent ot chapter | 


is a brie revs 


Summary of Specific Tissue Injury Mechanisms 


‘This wetion provides a very brief description of damage fram excessive load. All injuries noced 
are known to be accelerated with repetitive loading. 


* End plates. Schmorl’s nodes are thought 10 be healed end-plate fractures (Vernon- 
Roherts and Pirie, 1973) nd pits that form from localized underlying trabecular bone collapse 
(Gunning, Callaghsn, and McGill, 2001) and are linked to trauma (Aggrawall et al,, 1979). In 
fact, Korberg (1088) documented (via MRD traurnatie Schmorls node formation in a patient 
following forced lumbar flexion shat resulted in sn injury: People apparently are not hora with 
Schmorls nodes; their presence is associated with 1 more active lifestyle (HTardeastle, Annear 
and Foster, 1992), Under excessive compressive loading of spinal units inthe laboratory, the 
end plate appears to be the first structare to be injured (Brinckmana, Bigyemann, and Hilwey, 
1988; Callaghan and McGill, 20012). Studies have revealed end-plate avulsion under excessive 
anterior-posterior shear loading. 

* Vertebrae.Nerweheal cancellous bone isdamaged under compressive loading (Fyhrieand 
Schafiler, 1994) and often accompanies die herniation and annular delamination (Gunning, 
Callaghan, and McGill, 1001). 

+ Disc annatus, Several types of damage to the dise annalus appear to occur. Classic ise 
herniation appears tobe associated with repeated flesion motion with only moderate compressive 
loading required (Callaghan and McGill, 2001a) and with full flexion with lateral bending and 
twisting (Adams and Hutton, 1985; Gordon et al,, 1991), Yingling and McGill 19%, 19991) 
docamented avulsion ofthe lateral annulus under anterior-posterior shear losding, 

* Dise mclens. While Buckwaker (1095), when referring to the dise mucleus, stated 
that “no other masculoskeletl soft tisne structure undergoes more dramatic alterations wieh 
age,” the relationships among loading, dise nutrition, decreasing coneenteation of viable cells 
accumulation of degraded matrix molecules, and fatigue failure of the matrix remain obscare. 
However, recently Lote and Chin (2000) documented that eet! death (apoptosis) within the 
nucleus increases under excessive compressive load, Interestingly, these changes are generally 
not detectable or diagnosable in vivo, 

+ Newral arch (posterior bony elements), Spondylitic Fractures are thought to occur from 
repeated strest-strain reversals associated with cyclic full lion and extension (Burnett etal, 
1096; Hardeastle, Annear, snd Foster, 1992), Cripron and collesgues (195) and Yingling and 
MeCiil (1090s) sla documented that excessive shear forces exn fracture parts of the arch 


© Ligaments, Ligamentsseem twoavulse at lower load rates bat tear in their midsubstunce at 
higher load rates Noyes, DeLucas,and Torvik, 1994), McGill (1997) bypothesized that landing 
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jury Mechanics of the Lumbar Spine 


FEN.» Reducing Tissue Damage 


‘Summarizing injury pathways irom in vitro testing, evidence suggests that reduction in specific 
tissue damage could be accomplished by doing the following: 


+ Reducing peak (and cumulative) spine compressive foads to reduce the risk of end-plaie 
fracture 

»  Reducingrepeated spine motion io full flexion toreduce the risk of dis: herniation freduc~ 
ing spine flexion in the moming reduces symptoms) 

* Reducing repeated ful-range flexion to full-ange extension to reduce the risk of pars (or 
neural archi fracture 

+ Reducing peak and cumulative shear forces to reduce the risk of facet and neural arch 
damage and painful discs, 

‘+ Reducing slips and falls to reduce the risk to passive collagenous tissues such a8 liga~ 
ments 

Reducing the length of time siting, pasicularly exposure to seated vibration, 1 reduce 
the tisk 0 dise herniation or accelerated degeneration 


‘on the buttocks from a fill will rupeure the interspinous comples given the documented forces 
(McGill and Callaghan, 1999) and joint volerance. Falling on the behind inereases the risk for 
prolonged dissbility (Troup, Martin, and Lioyd, 1981), which is consistent wich the prolonged 
length of time it akes for ligamentous tissue to regain structural integrity when compares with 
other tissues (Woo, Gomez, and Akeson, 1985). 


Injury Mechanics Involving the Lumbar Mechanism 


‘Many researchers have established thet too great a load placed on a tissue will result in injary. 
Epidemiological studies (Hilkka etal., 1990; Marrasetal, 1998; Normanetal, 1998; Vidernan, 
Nurminen,and Troup, 1990) have proven this notion by identifying peaklosding measures (ic, 
shear, compression, trunk velocity, extensor toment, heavy work, et.) as factors that explain 
the frequency and distribution of reporting of back pain or increased risk of hack injury. How- 
ver, the rearch for direct evidence that links spine load with occupational low hack disorders 
(LEDs) may have buen hampered by focusing on too narrow a range of variables, Researchers 
have paid a massive amount of attention, for example, w a single variable—namely, acute, or 
Single masinun exposure to, lumbar compression. few studies have suggested that higher 
levels of compression exposure increased the risk uf LBD (e.g, Herrin et al, 1986), although 
the correlation was low, Yer some studies show that higher rates of L1BDs cecur when levels of 
lumbar compression are reasonably lx. 

Tn contrast, [adler (1991) claimed hat the incidence of back injury had noe dened over 
the past 25 years, even after increased research and resources had been dedicated to the area 
‘over that time frime, Hadler suggested thar the focus be turned from biomechanical causes of 
injury to developing more “eomforsable” workplaces. However, the research described thus far 
inthistext hasclearly documented links to mechanical variables. Cleaely, LBD easly isoften 
extremely complex with al sorts of factors interacting, We will cansider some of those factors 
inthe following sections, 


Staying Within the “Biomechanical Envelope” 


Work ty urnlerstand the risk of buck injury in occupational contestshas had carryover for train- 
ing. For example, many researchers have established that too great load placed ona tissue will 

ult in injury. Epidemiological studies on workers (Hilkka et al, 1990; Marras et al, 1993; 
Norman etal, 1998; Videman etal, 1990) have proven this notion by identifying peak loading 
measures (ie, shear, compression, trunk velocity extensor moment, heayy work, ete.) as factors 
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that exphain the frequency and distribution of reporting of back pain or increased risk of back 
injury. What other mechanical variables modulate the risk of LIBDs? As noted in chapter 1, 
they are as follows: 


* “Too many repetitions of force and motion or prolonged postures and loads have also 
bbcen indicated as potential injury~ or pain-cavsing mechanisms 

* Camulative loading (1e., compression, shear, or extensor moment) has heen identified 
a8 a factor in the reporting of back pain (Kumar, 199% Norman et al., 1998) 

* Cumulative exposure to unchanging work has heen linked to reporting of low back pain 
(Holmes etal, 1993) and intervertebral disc injury (Videman et al., 1990). 

+ Many personal factors appear to affect spine tissue tolerance, forexample, ageand ender. 
In a compilation of the avallable literature on the tolerance of lumbar motion units to bear 
compressive load, Jager and colleagues (1991) noted that when males and females are matched 
for age, females are able to sustain only approximately two-thirds of the compressive loads of 
males. Furthermore, Jager and colleagues’ data showed that within agiven gender, a 60-year-old 
vwasable to tolerate only about two-thirds of the load tolerated by a 20-year-old, These data are 
helpful in determining the optimal training leads. 


1 complicate the picture, Holm and Nachemson (1983) showed that increased levels of 
tmotion are beneficial in providing nutrition to the structures of the intervertebral disc, while 
uch of ourlabS research has demonstrated that too many motion cycles (to full flexion) resulted 
intervertebral disc herniation. Buckwalter (1995) associated intervertebral dise degeneration 
h decreased nutrition. Memwhile, Videman and colleagues (1990) showed that too Title 
rmotion from sedentary work resulted in intervertebral dise injury. While workers who performed 
heavy work were ako a increased risk of developing hack troubles, workers who were involved 
in varied types of work (mised work) had the lowest risk of developing a spine injury (Videman 
€ al, 1990). This presents the idea that 00 little motion o¢ load, or too much motion or load, 
‘can modulate the risk of spinal injury 

‘A simple experiment can be revealing. A number of years ago we asked a group of achletes 
to stand with @ barbell on their shoulders. We were measuring spinal microshrinkage. Then we 
asked them to roll their pelvis anteriorly and posteriorly to impart some gentle motion to the 
lumbar region see figure 5.12). ‘They remained standing upright. We had to stop the experiment 
due to the pain reported by the fist few subjects. Truining spine motion under load requires 
caution. No specific guidelines exist for determining training loads—nor can such guidelines 
exist for each individual. The point is that these notions are acknowledged and considered on 
an individual basis 


‘Stoop Versus Squat in Lifting Injury Risk 
While the scientific method ean prove that 4 pheaomenon is possible if observed, failure w 
‘observe the expected result dees not eliminate the possibilicy. One may only conclude that the 
experiment was insensitive to the particular phenomenon. The following discussion, as with many 
inthis book, isan attempt to incorporate ths limitation and! temper it with clinical wistlom. 

Ina previous section, lifting withthe torso fexing about the hips rather than flexing the spine 
vwasanalyzed and described. Specifically, the lifter elected to maintain a neutral lambar posture 
rather than allowing the lumbar region to flex. Here we will reexamine the lifting exercise, 
hutthe lifter flexes the spine sufficiently to cause the posterior ligaments to strain. This lifting 
ssrategy (pine flexion) has quite dramatic effects on shear loading of the intervertebral column 
and the resultant injury risk. ‘The dominant direction of the pars lamborum fikers ofthe longis- 
‘Sms thoracis and iliocestalis himborum muscles when the lumbar spine remained in neural 
lordosis eaused these muscles to produce a posterior shear foree on the superior vertebra, In 
‘contrast, with spine flexion, the strained interspinous ligament complex generates forees with 
the opposite obliquity and therefore imposes an anterior shear force on the superior vertebra 
(Gee figures 5.13 and 5.14, ot). 

Let’ examine the specific forces that resuit from flexing the lumbar spine. ‘The recruited 
ligaments appear to cantribute to the anterior shear farce so that shear force levels are likely to 
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Figure5.12 Standing with a bar on the shoulders and ja)cyclicaly flexing and (b)eatending the 
Jumbar spine is painful and disaming—proot that training the loaded spine through a range of 
motion requires extreme caution. 


Putting Knowledge Into Practice 


‘the moment in a moreneutral posture, 
the momes 


While the notion that foo much of any activity (whether it be siting at a desk or loading heavy 
‘boxes onto pallets) can be harmful is widely accepted, it fs rarely taken into occount in practice. 
For example, industrial ergonomics has not yet wholehearedly embraced the idea that not all 
jobs need to be made less demanding, that some jobs need much mare variety in the patterns of 
musculoskeletal loading, oF that there is no such thing 2 “best posture” for siting. Itistime forthe 
profession as a whole to remember that n any job, the order and type of loading should be can- 
Sdered and the demand on tissues should be varied, All sedentary workers should be taught, for 
‘example, to adopt a variable posture that causes a migration of load from tissue to tissue, reducing 
the risk of troubles 


exceed 1000.N (224 Ib), Such large shear forces are of great concem from an injury risk view- 
point. However, when a more neutral lordotie posture is adopted, the extensor musculature is 
responsible for eveating the extensor moment and at the same time provides 3 posterior shear 
force that supports the anterior shesring action of gravityon the upperbody and handheld load, 
“The joint shear forces are reduced to about 200 IN (about 45 Ib). Thus, using musele to support 


ther than being fully flexed with ligaments supporting 
ereatly reduces shear loacling (see table 5.10), 
Quantification of the risk of injary requires ¢ comparison of the applied foal w dhe roler- 


ance of the tissue. Cripton and colleagues (1995) found the shear tolerance of the spine to be 
in the neighborhood of 2000 to 2800 N in adult cadavers, for one-time loading. Recent work 
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Figure 5.13. This gardener appears to be adopting a 
{ull thexed lumbar spine. bs this wise posture? The force 
analysis i figure'5.14 suggests it snot 


of 
shear loads) overa workilay. 


Yet another consideration impinges on the interpretation of injury risk. The al 


by Yingling and McGill (19592 and 1999b) on 
pig spines has shown that load rate is not a major 
:modulasor of shear tolerance unless the load is very 
ballistic, such as what might oceurduring¢2 slipand 
fall. This example demonstrates thatthe spine is at 
much greater risk of sustaining shear injury (>1000) 
'N applied to the joint) 224 Ih) than compressive 
injury (000 N applied to che joint) (672 1b) simply 
because the spine is fully flexed. (For amore compre- 
hensive discussion, see McGill, 1997.) The margin 
of safety is much larger in the compressive mode 
than in the shear mode since the spine ean safely 
tolerate well over 10 EN in compression, but 100) 
N of hear causes injury with eyeie loading, This 
cemmple also illasirates the need for clinicians and 
exgoaunists to consider other loading mexles in 
auldition to simple compression. In this examplethe 
real risk is anterior-posterior shear load. Interest- 
ingly, Norman and colleagues’ 1998 study showed 
joint shear to be very important as a metric for rise 


jury of auto plant workers, particularly cumulative shear (high repetitions of subjaihure 


lity of the 


spine to bear load isa function of the curvature of the spine in vivo. For example, Adams and 


Figure 5.14 These original computer image bitmaps rom the experiment conducted around 1987 
illustrate (a) the fully flexed spine that is associated with myoelectrc silence in the back exiensors 
and strained posterior passive tissues and high shearing forces on the lumbar spine (rom both reac 
tion shear on the upper body and interspinous ligament strain. (b) A more neutral spine posture 
Tecrulls the pars lumborum muscle groups and aligns the flbess to support the shear forces (see 
figure 4.27). Inthis example, posture a resulted in) 1900N of shear load on the lumbar spine while 
posture b reduced the shear load to about 200N! 


Repl er ual of Bore hanis, 015) 5M eh 


ted paper anche a ck ini pico ct 


ppacice andthe cle, 465475, 1997, wth prnatin torn ale eee, 
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‘Much has been written on the stoop siyle versus the squat style of liting. Typically, conclusions were 
hased on very simple analyses that measuted only the law back moment. The reaction moment isa 
function ofthe size and position af the load in the handsand the position of the center of mass ofthe 
Upper bod: As the previous example demonstrated, the issue is actually much more complex—the 
lumbar spine curvature determines the sharing of the load between the muscles and the passive ti 
sues, In addition, each individual elects the way in which agonists and antagonists are conctivated. 
Thus, the spine kinematic motion patterns, together with the: muscle activation patterns, heavily 
influence the resulting spine load and the ability ofthe spine to bear load without damage. The risk 
‘of injury isthe real Issue that motivated most of these types of analyses, yet It was not addressed 
‘with sulicient detail 10 Jead to a correct conctusion.. 


colleagues (1994) suggested thar a fully Mexed spine is weaker than one that is moderavely. 
flexed. In a recent study, Gunning, Callaghan, and MeGill 2001) showed that fully flexed 
spine (using « controlled porcine spine model) is 20% to 40% weaker than if it were in a 
neutral posture. 


Motor Control Errors and Picking Up Pencils 


Although clinicians often hear patients report injusies from seemingly benign tasks (uch 
as picking up « pencil from the floor), this phenomenon will not be found in the seientific 
literature. Because such an injury would not be deemed compensable in many jurisdictions, 
medical personnel rarely recurd this type of event, Instead they attribute the cause ebewhere, 
Moceover, while injury from lange exertions is understandable, explaining injury that occurs 
during performance of such light tasks isnot. The following, s worth considering. 

‘A number of years ago, using video fluomscopy for a sagittal view of the lumbar spine, 
wwe imestigited the mechanics of powerlifters’ spines while they lifted extremely heavy loads 
(Cholewicki and McGill, 1992). ‘The range of motion of the lifters’ spines was calibrated and 
normalized to full flesion by first asking them to flex at the waist and support the upper body 
against gravity with no load in the hands, During the lifts, although the lifters appeared 
‘outwardly to have a very flexed spine, in fact the lumbar joints were 2° to 3® per joint from 
full lesion (see Figures 5.15 and 5.16). Thisexplsins how they cond lift such magnificent loads 
(opto 210 ky, or approximately 462 Ib) without sustaining the injuries thavare suspected to he 
Tinked with full lumbar flexion, 

However, during the execution of alift, one lifter reported discomfort and pain. Examination 
‘of the video fluoroscopy records showed that one of the lumbar joints (specifically, he L2-L3 
join) reached the full-flexion calibrated angle while all other joints maintained their static 
position (2-3* short of fll flexion). The spine buckled and caused injury (see figure 5.17). 
is the first observation we know of reported in the scientific literature dacumenting propor- 
tuonately more rotation occurring at a single lumbar joint; this unique occurrence appears to 
have been due to an inappropriate sequencing of muscle forces (or a temporary loss of motor 
control wisdom). Thismotivated the work of my colleague and former graduate scudent Profes- 
sor Jacek Cholewicki to investigate and continucusly quantify the stability of the lumbar spine 
throughout wide variety of loading tasks (Cholewicki and MeGill, 1996). Generally speaking, 
the occurrence oF a motar control error that results ina temporary reduction in activation to 
‘oneofthe intersegmental muscles (perhaps, for example, a lamin of longissimus, 
"multifids) may allow roration at just «single joint ro the point at which passive cr other tissues 
could become irtitated oF injured. 

‘Cholewickinoted that the riskofsuch an event was greatest when high forces were developed 
by the large muscles and low forces by the small intersegmental muscles (a possibility with our 
powerlifier), or when all muscle forces were low such as during a low-level exertion. Thus, 
injury from quite low-intensity bending is possible. Adams and Dolan (1995) noted that passive 
tissues begin to experience damage with bending moments of60 Nm, Thisean cccur simply froma 
a temporary loss of muscular support during: bending over. This mechanism of motor control 


incostalis, oe 
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Table 5.10 Individual Muscle and Passive Tissue Forces During Full Flexion and in a 
More Neutral Lumbar Posture Demonstrating the Shift from Muscle to Passive Tissue 


The extensor mement wth fll luinhar flexion was 171 Nm pmoducing 4145 N of compression and 954 N of anterior shear. The 
mare neuital posture af 170 Nm produced 3490 N of cempressicn and 269 N of sheat 


Fully lexed | Neutral Fully eved | Neuiral 
lumbar spine lumbar spine lumbar spine | lumbarspine 
Force (N) | Force (N) Force (N)_|_ Force (N) 
MUSCLE MUSCLE (continued) 

Rrectunabelominis 6 3 UC multfids 1 26 12 
{rectus abdominis 16 @ R muifidus 2 26 a7 
Rexiernal oblique 1 10 68 L muttifidus 2 28 90 
Lextemal oblique 1 10 40 RpscasiLi) 25 GI 
Rexternal oblique 2 7 a L psoas (L1) 25 69 
Lextemal oblique? 7 eT R pscasil2) 25 6 
internal oblique 1 35 130 L psoas 2) 25 09 
{internal oblique t 35 402 R psoas (3) 5 2 
intemal oblique? 29 a8 | psoas (3) 25 69 
internal oblique 2 » 16 R psoasiLt) 8 6 
R pars lumborum iL) Al 253 L psos (L4) 25 9 
Lparshumboram (Lt) 1 285 LIGAMENT 

R pars lumborum (L2) 7 281 ‘Anterior longitudinal o o 
{pars lutmboruin (2s a 37 Posterior longitudinal 86 Oo) 
Rpars lumborum 3) | 32 Ligament flavum n a 
L pais lumborum (3) 31 333 R intertianswerse 14 ° 
Ropars lumborum (La) 3 402 Linterransverse 14 oO 
L pas humborum (Lt) 2 355 Rarticular 7 0 
Rilocostais lumborum 58 oo articular 74 o 
Liliocestalislumborum 58 137 Rarticular2 103 0 
R longissimus thoracis °% hs UL articulae 2 108 0 
longissimus thoracis 93 178 Innerspinous 1 301 0 
R quadkatus lumborum 5 155 Interspinous 2 5 0 
Lquadiatus lamborum 25 j94 loiorspinaus 3 208 o 
R latisimus dorsi 5) 5 vo} Supraspinous 592 o 
Latisimus dorsi 5) 8 115 R lumbodorsal fascia 1 0 
Rules 1 i) 80 Llumbedersal fascia 1m oO 


error resulting in temporary inappropriate neural activation explains how injury might oceur 
during extremely low-load situations, for example, picking up a pencil from the floor lollowing 
along day at work performing a very demanding job. 


Sources of Motor Control Errors 

One must consider another ismie when dealing with the possibility of buckling that results from 
specific mowor control errors, In our clinical testing we observed similarly inappropriate motor 
patterns in some men who were challenged ly holding a load in the hands while breaching 
10% CO, to elevate breathing. (Challenged breathing causes some of the spine-supporting 
musculature to drop to inappropriately low levels in some people; see MeGill, Sharratt, 


Copyrighted Material 


Copyrighted Material 


Normal mbar Spine 


Figure5.15 A gvoup of poweilifers lifted Figure 5.16 This luorescopy image ofthe powe- 
very heavy weights while their lumbar filter’ lumbar spine shows how individual lurnbar 
vertebrae motion paitemns were quantified, joint motion can be quantified in vive, While 
Each joint was shillilly contlled to flex recording, am injury occurred} in one Hites when 
>but no fully lex, Each joint yas 2°10 3° the ventebia atjustone joint went wits fulltexion 


away from the fully flexed, calibratedangle angle and surpassed it by about one-half degree: 
(see figure 5.16). 


Figure 5.17 (2) The pawerlifter flexed to grab the weight bar and (B) began to extend the spine during the lift. (c) As the 
‘weight was a few inches from the floor, single joint (L2-L3) flexed to the full flexion angle, and the spine buckled, indi 
cated by the acron. 


and Seguin, 1995.) These deficient motor control mechanisms will heighten biomechanical 
susceptibility to injury or reinjury (Cholewicki and McGill, 1996), My lt is carrendy involved 
ina large-scale longitudinal investigation toasess the power of these moror control parameters 
‘together with some personal performance variables and their role in causing back injury over 
aa multiyear period. 
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Sacroiliac Pain—Is It From the Joint? 


Bogduk and colleagues (1996) proved that some low back pain is from the sacroiliac joint itself 
‘The following discussion offers other considerations. The work that many have reported over 
recent years has demonstrated the extraordinary magnitudes of forces within the torso exten- 
sor musculature even during nonstrenuous tasks. While these forces have heen interpreted for 
their mechanical role, clinicians have expressed interest in eheir potential to cause injury. One 
posibility worth considering is thatthe high muscular forces may damage the bony attachments 
‘of the corresponding muscle tendons. Such damage has perhaps been wrongfully attributed to 
ahemnaten example follows, 

Pain inthe sacrollac region is common and often atribuced to disorders of the scriiac 
(GP joint itself or the iliolumbar ligament. For this reason, the role of the musculature may 
have been neglected, It is known that a large proportion of the extensor musculature obtains 
its originin the SI and posterior-superior iliac spine (PSIS) region (Bogduk, 1980). The area of 
tendon-periosteum attachment and extensor aponeuross is relatively small in relation to the 
volume of musele in series with the tendon complex. From this, a hypothesis evolved that the 
seeming mismatch of lange muscle tissue to small attachment area for connective tissue places 
the connective tissue at high risk of sustaining microfailure, resulting in pain (McGill, 1987) 
Knowledge of the collective muscle force-time histories enables speculation about one-time 
failure loads and cumulstive trauma. For example, if the forces of muscles that originats in 
the SI region are tallied for the tia illustrated in table 5.4 (pages 78-79), then the total foree 
twansmitted to the SI region during peak load would exceed 5.6 KN. Such a load would life 
sxnall car off the ground! 

“The failure tolerance of these connective tissues is not known, which makes speculation 
‘over the potential for microfaiure difficult. No doubs the risk of damage mast increase with 
the increase in the extremely large loads observed in the extensor musculature and with the 
frequency of application, Industrial tusks comparable to hifting three containers in excess of 
18 kg (40 Ib) per minute over an $-hour day are not unusual, suggesting that the potential for 
‘curmalative trauma is significant. 

“This mechanical explanation may account for local tenderness on palpation associated with 
many of the SI syndrome eases. As well, muscle strain and spasm often aceompany SI pain 
Nonetheless, treatment is often directed toward the articular joint despite the extreme diffi- 
celty in diagnosing the joint asthe primary source of pain, While reduction of spasm through 
conventional techniques would reduce the sustained load on the damaged connective fibers, 
patients should be counseled on techniques to reduce intemal muscle loads through effective 
linge mechanics. This isa single example; of which there may be several, in which knowledge 
of individual muscle force-time histories would suggest a mechanisin for injury for which a 
specific—and possibly atypical—treatment modality could be prescribed. 


Bed Rest and Back Pain 


While bed ress has fallen from favor as therapy given the generally poor patient outcome, the 
rechanism for poor outcome is justnow starting to be understood. Bed rest reduces the applied 
load (hydrostatic) below the dise osmotic pressure, resulting ina netinilow of fuid (MeGill, van 
Wijk et al., 1996), McGill and Axler (1996) documented the growth in spine length over the 
«sual 8 hours of bed restand then over continued bed rest for another 32 hours. hiss unusual 
sustained pressure andis suspected to cause hackache. Oganov andcolleagues(1991) documented 
increased mineral dersity in the vertebrae following prolonged space travel (weightlessness), 
this finding is notable because other hones lost mineral density. Ie indicates that the spine was 
stimulated to lay down bone in response to higher loads; in this case, the higher load was due 
to the swollen discs. The analog on earth is lying in bed for periods longer than 8 hours—it 
actually stresses the spine! 


Bending and Other Spine Motion 


Whilesome researchers have produced dis hernatiens under controlled conditions (eg, Gordon 
etal, 1991), Callaghan and McGill 2001a) have been able to consistently produce disc hernia 


schanists, On 
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Mechanics of the Lumbar Spine 


[ESSKa> Moderation in All Things 


The phrase “moderation in all things? 
appears to encapsulate a lot of spine 
biomechanical wisdom; varying load- 
ing theough constant change in activity 
is justifiable. Obviously, overload is 
problematic, but the previous example 
shows that even lying in bed t00 long is 
problemratic—it increases annulus, enc 
plate, and vertebral stress! 


‘ions by mimicking thespine motion and load 
patterns seen in workers, Specifically, only a 
very modest ammount of spine compression 
e seemsto be required (only 800-1000 
20 1h), but the spine specimen must 
be repeatedly flexed, mimicking repeated 
tors0-spine flesion from continual bending to 
«fully flexed posture. In these experiments, 
vwe documented the progressive tracking of 
dise nucleus material traveling posteriorly 
through the annulus of the dise with final 
sequestration of the mucleus material. This 
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‘was noted to eeeur around 18,000 t0 25,000 
cycles of flexion with low levels oF spine compression (about L000 N, or 220 Ib), but it would 
‘ocear with much fewer eyeles of bending with higher simultaneous compressive loads (about 
5000 cycles with 3000 N, or 670 thy of compression). Most interesting was the fact that the 
tracking of nuclear material began from the inside and slowly worked radially outward, sug 
gesting thar, had this been a living worker, there may have been litte indication of comalative 
damage unti the culminating event, 


Confusion Over Twisting 


While twisting has heen named in several studies a risk factor for low backiinjury, the iterarare 
does mat make the distinction etween the kinermatic variable of twisting and the Kinetic variable 
‘of generating twisting tnrque. While many epidemiological surveillance studieslinkes higher ri 
‘of LRD with nvisting,cwisting with low twist moment demands results in lower muscle activity 
and lower spine load (McGill, 1991). Fureber, passive tisuc loading is not substantial unl ehe 
end of the twist range of motion (Duncan and Nhmed, 1991), However, devefoping twisting 
moment places very large cornpressive loads on the spine because of the enormous cosctivation 
‘of the spine musculature (McGill, 1991), "This ean also occur when the spine is noc twisted but 
in a neutral posture in which the ability to tolerate loads is higher. Fither single variable (the 
kinematic act of twisting or generating the kinetic variable of twist torque while not twisting) 
seems less dangerous than epidemiological surveys suggest. However, elevated risk from very 
high tissue loading may occur when the spine is fully twisted and there is a need to generate 
Fgh ovisting torque (McGill, 1991), Several stadies, then, have suayested thar compression on 
the lumbar spine is not the sole risk factor: Both laboratory tissue tests and field surveillance 
siggest thar shear loading ofthe spine, together with large wists conpled with twisting torque, 
increases the risk of tissue injury 


Repeated Spine Flexion and Bending 


\Whilemuch engonomic efort hasbeen devotedin reducing spine lead, 
that repeated spine lexion—even inthe: absence of moderate load-—will lead to discogenic 
troubles, Futhermore, recent evidenceshows thatthe direction ofthe bending will determine 
the location of the annulus damage (Auman etal, 2005), Ergoriomic guidelines will be 
mote eflectve once factors for flexion repetition and direction are included. 


Js Viral Involvement Possible in Low Back Pain? 


Research has suggested that the ineidceccof some musculoskeletal disordersof the upper extrem 
iy is elevated fallowing exposure co a viral infection, Coald viral infections also be responsible 
for LBDs? While this scenario is possible in individual cases, it could only account for som 

Since animal model studies use animals that are sereened for disease, with ony approved spect- 
mens being selected for testing, controlled mechanical loading would seem to account for the 
significant findings. Viral infections have been linked to an increased probability of developing 
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such diseases as carpal tunnel syndrome or arthritis (Mody and Cassim, 1997; Phillips, 1997; 
Samii ct aly 1996), However, Ressignol and collcagues (1997) found that work-related factors 
accounted for the majerity of the causes influencing developrnent carpal wnnel syrdrume. Fucure 
research should examine the links between viral infections leading to spinal tissue degeneration 
and low back injury etiology. They seem to be involved in somne select cases, 


Sciatic Symptoms 

Sciatien can he caused hy tension of the sciatic netve, or of the lumbir nerve roots, or within 
the cada equina. I also can be caused by pinching at numemus locations along its length or 
by irritation by rough surfaces such as arthritic bone or extruded dite material, The symptoms 
runge from radiating pain to sensations in the leg or foot, Back pain may or may not be present 
“Tragically, eases of foot prin, ankle pain, or leg pain eauseil by lumbar nerve compromise 

c often stretched for therapy in the belief that musele tightness rather th 

is the culprit. This just keeps the nerve angry. We take two approaches. First, spine-sparing 
motions are adopted t avoid end range of motion and associated nerve tension and to reduce 
possible dise bulging. ‘The second approach involves nerve flossing (nerve flossing technique 
tgether with qualifying tess for patient selection are explained in the third section ofthis book 
‘on page 216), 


Section Summary 

From this description of injury mechanisms with several modulating factors, it is clear shat 
rmultifictorial links exis, Incerpretation of these links will enhance injury prevention and reh 
bilitaton efforts In fact, effective interventions will net occur without an understanding of how 
the spine works and how it bexomes injured. 


Biomechanical 
and Physiological Changes Following Injury 


While the foundation for good clinica! practice requires an understanding of the mechanism 
for injary. an understanding of the lingering consequences is also helpful. 


Tissue Damage Pathogenesis, Pain, and Performance 


Many discuss spine injury as though itis a static entity, that is, by focusing on specific tisue 
damage. However, since tise damage causes changes to the joint biomechanics, other tissues 
will be affected and drawn into the clinical pieeure, Understaning the links inthis issue begins 
with the concept of pun, 

“Tissue damage causes pain, Some have said there isno proof thar this statement is rue since 
pain is a perception and no instrument can measure it directly. This notion ignores the large 
body of pain literature (a review of which is well outside the scope of this chapter), which has 
motivated a recent proposal from a diverse group of pain specialists to dassify pain by mecha- 
nismn—specificaly transient pain (which does not produce long-term sequelae) and tissue injury 
and nervous system injury pain, both of which hare complex organic mechanisms (Woolf et 
al, 1998). 
ddall and Cousins (1997) wonderfully summarized the great advances made in the under- 
sandingof the neurobiology of pain—in particulir,the lang-term changes from nosious stimu 
lation known as eentrl sensitization, Briefly, issue damage directly affects the response ofthe 
nociceptor to further stimulation; over longer periods of time, both inerease the maymitude of 
the response, sensitivity to the stimulus, and size of the region served by the same afferents, 
Some clinicians have use thisasa rationale forthe prescription of analgesics early in acute how 
back pain, Furthermore, scme have based arguments on whether a certain tissue conld initi- 
ate pain from the presence or absence of nociveptors or free nerve endings, requiring proof of 
‘damage tothe specific ismuein question, Burt tissue damage (alonga continuum from cell damage 
to maerostrucrural failure) changes the biomechanics of the spine. Not only may this change 
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cause pain, but it appears to initiate a cascade of change that ean cause disruptions to the joine 
and cantina pain for years in leading to conditions sich as ficer arthritis, accelerated annular 
degencration, and nerve 100t irritation, to name a few. (See Kirkally-Wills and Burton, 199: 
for an excellent review of the cascade of spine degeneration initiared by damage.) Butler and 
colleagues (1990) documented that disc damage nearly always occurs before facet arthritis is 
‘observed. Injury and tissue damage initiate jomt instabilities, causing the body to respond with 
arthritic activity to finaly stabilize. This results in aloss of rangeof motion and, no dou, pain 
@rinckmann, 1985}. 


Injury Process: Motor Changes 


It i conclusive that patients reporting debilitating low back pain suffer simultaneous changes 
in their motor control systems, Recognizing these changes is important since they affect the 
scabiliring system, Richardson and coworkers (1999) prealuced quite a comprehensive review of 
this lteriture and made a case for targeting specific muscle groups during rehabilitation. Spe 

cifically their objective isto reeducate faulty mocor control patterns poseinjury. The cllnge 

0 train the stabilizing system during steady-sate activities, and also during rapid voluntary 
motions, and wo withstand sudden surprise loads, 

Among the wide variety of motor changes researchers have documented, they have paid 
particular attention to the transverse abylominis and multifidus muscles, For example, during 
anticipatory movemients such as sudden shoulder flexion movements, the onset of transverse 
abdominishas been shown to be delayed in a few subjects with back troubles (Hodges and Rich- 
ardson, 1996; Richardson er al., 1999). While the Queensland group developed a rehabilitation 
protocol specifically intended to reeducate the motor control system for involvement of the 
transverse abdominis, there are many other muscles that exhibit motor control perturbations. 
A namber of lboratories have also documented changesto the multifidus complex, Further, in 

ry nive study of 108 patients with histories of chronic LED ranging from four months to 
20 years, Sihvonen and colleagues (1997) noted that 50% had disturbed joint motion and that 

jose with radiating pain had abnormal EMGs to the medial spine extensor muscles 

Interestingly cnough, in the many studies on the muhifide 
Lateral longissimus seem to appear along with chose in mulifidus in peopte with back troubles 
(Haig etal, 1993), Jorgensen and Nicolaisen (1987) associated lower endurance in the spine 
extensors in general, while Roy and colleagues (1995) established faster fatigue ratesin the mul- 
tufidusin those with low back troubles, n addition, changes in torso agonist-antagonist activity 
have been documented during gait (Arendt-Nielson eta, 1995; Vogt etal., 2003), particularly 
inthe gluteals, bckextensors, and hamstrings during walking, Inaddition, asymmetric extensor 
muscle output has been observed during isokinetic torso extensor efforts (Grabiner, Koh, and 
Ghazawi, 1992), which alters spine tisue loading. 

Further, evidence indicates that the stracture of the muscle itselfexperienceschange following: 
injuryorpain episodes. Anatomical changes following low back injury include asyrnmetriearro- 
phy in the mulifidus (Hides, Richardson, and Jull, 1096) and fiber type changes in multifidus 
even five yours after surgery (Rantanca et l., 1091), Long-term outcome was associated 
with certain composition characteristics, Specifically, good outcome was associated with 


MG abnormalities in the more 


GHINscs> Function, Rehabilitation, and Pain 


‘An interesting point for troubled tacks is that pain can be both a blessing and a curse 
Working trough pain (assuring muscular pain) is often a rehabilitation and training 

' But pain from tissue damage is another story. Pain is inhibiting of normal motor 
pattems, Furthermore, itis well established that one does not get used to pain from tissue 
‘damage; rather the process of central sensitization ensuresthat the person becomes even 
more sensitive to the pain, For many individuals, addressing proper mechanics to spare 
the damaged tissues must precede rigorous training—how this is done is explained in 
the final chapters of this book, 
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rporinal fiber appearance, while poor outcome was associated with atrophy in the type II fibers 
and a *moth-caten” appearance in type 1 fibers, Morcover, even after symptoms had resolved, 
Hides and colleagues (1996) documented a smaller mubtfidus and suggested impaired reflexes 
asa mechanism. This theory appears tenable, given documented evidence of thisat other joints, 
particularly at the knee (layson and Dison, 1970; Stokes and Young, 1984). Once again, the 
ean for the clinical emphasis on the multifidus may well he thatthe balk of the research has 
teen performed on this muscle. Yet researchers who have examined other muscleshave observed 
similar changes in unilateral atrophy—for example, in the psoas (Dangaris and Naesh, 1998). 
Wise clinicians consider all muscles, not just those that have heen chosen for study: 


Specific Patterns of Muscle Inhibition Following Injury 


AAs stated in the previous section, pain inhibits normal motor patterns and is associated with 
several other characteristics, More insight is provided here. 


The Crossed-Pelvis Syndrome and Gluteal Amnesia 


Dr, Vladimir Janda (see figure 5.18) proposed the crossed-pelvissyndomein which those with 
a history of chronic law back troubles displayed characteristic patterns of what he referred to 
as “weak” and “tight” muscles. Specifically he described the features ofthe erassed-pelvis syn 
ddrome as including.a weak gluteal and abdominal wall complex with right hamstrings and hip 
flexors. He developed a technique to “correct” this aberrant pattern, While I have dilfieulty in 
integrating the terms “weak” and “tight” roma scientific point of view, Janda’ general insights 
were generally tn rupsof men with chronic back troubles during squating 
types of tasks, its dear that they ty w accomplish this basie motion and swotor pattern af hip 
extension emphasizing the back extensors and the bamscrings—they appear w have forgorwen 
how to use the gluteal complex. Noticeable restrictions in the hip flexors may or may not be 
present, bur without question the gluteal are not recrutjed to levels that are necessary to bot’ 
spare the back and foster better performance. refer to this as “gluteal amnesia,” 

Teis common for both patients and athletes to arrive at our research clinic with chronic back 
troubles and with a crossed-pelvis overiay. ‘Traditional strength approaches to rehabilitating 


Figure 5.18 | worked in several clinical workshops with Dr. Janda prior to his death. He taught 
me much clinical wisdom that we were able to evaluate and quantity, 
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their backs have failed since strength squat patterns were attempted onaberrane motor pasterns: 
Specifically the gluteal complex was not able to contribute its share to hip extension, loading up 
the back as the erector spinae crushed the spine, Sparing the hack during hip extensor training 
demands healthy gluteals. Specific training to reprogram gluteal integration is described and 
demonstrated in part IT ofthis book 


vance Lingering Deficits Following Back Injury 
Ina recent study (McGill et a., 2002), we extensively tested 72 workers. Of those work 
rs, 26 had a history of back troubles sufficient to rsul in lost ime, 24 ad some back 
troubles but not severe enough to ever lose worktime, and the rest had never had any 
back complaints. All were asymptomatic and back to work at the time of testing. The 
litany of differences between groups is explained elsewhere but inclucled several motor 
conttol deficis, Our findings can be summarized as follows 


+ Havinga history of low back troubles was associated with a larger waist girth, 
‘a greatcr chronicity potential as predicted from psychosocial questionnaires, 
and perturbed ilesion-io-extensian strength and endurance ratios, among other 
factors. 

+ Those who hada history of hack roubles had alack of muscle endurance—spe- 
cifically, «lack of balance of endurance among torso muscie arcups. Absolute 
Torso strength was not related, although the ratio of flexor to extensor strength 
was important. 

= Those with a history of low back wouble had diminished hip extension and 
{internal rotation, suggesting psoas involvement, 

Those with a history of back troubles had a wide varity of motor control deficits 

uding deficits during challenged breathing as would occurduring challeng- 

ing work) balancing. having to endure surprise loafing. are! so on. Generally 
those who were poor in one motor task were likely to be poor in another. 


Given that those workers who had missed work because of back iroubles were mea- 
sured 261 weeks, on average, after their last disabling episode, the multiple deficits 
ppear to remain for very lengghy periods. The broad implication of this work is that 
having 2 history of low hack roubles, even when a substantial amount of time has 
lapsed, is associated with a variety of lingering deficits such that a meltdisciplinary 
training intervention approach would bo required to diminish their presence, This col 
lection of evidence strongly supports exorcise prescription that promotos the patterns of 
muscular coconiraction and movement patterns observed in fit spines and quite power 
fully documents pathoneural-mechanical changes associated with chronic LBD. Once 
‘again, these changes are lasting years—not 6 t0 12 weeks) The evidence presented Here 
‘collectively justifies the training regimens described in part I of this book. It critical 
{to address basic motion and motor patterns jr, before serious back training begins in 
‘earnest. This isthe way to establish the foundation for ultimate performance, and to do 
itso as to break chronicity in those with history of back troubles, 
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CHAPTER 6 


Myths and Realities 
of Lumbar Spine Stability 


‘ability is popular term in discussion of the low back, hu it may be widely misunderstood 

nd inappropriately used. In previous chapters we established several relevant facts, First, 
all sort of tissue damage result in joint laxity, which in turn can lead to instability, For example, 
strained or failed ligaments cause joint laxity and unstable motion under load. End-plate frac- 
tures with loss af dise height are another example of tse damage thar results in unstable joint 
‘behavior. Clearly joine instability isa consequence of tissue damage (this is nively summarized 
by Oxland et aly, 1991), A fundamental tenet is that lost mechanical integrity in any load: 
bearing tissue will result in stiffness losses and an increased risk of unstable behavior, We also 


nag 


an event in which instability was observed (the buckling spine of 
the powerliten, injury resuted. So, instability can both ciuse and be the resaltof injury. Finally, 
‘overlaying the tissue-hased aspects of stability are the motor control aspects since coordinated 
contraction stiffens the joints and ultimately determines joint stabil 

The purpose ofthis chapter is to provide a definition of stability and an understanding of 
bow itis increased or decreased, This is a critical foundation for those preseribing stabilization 
exercise or recommending strategies to prevent injury. Attempts to enhance stability and prevent 
instability are compromised without an understanding of the influencing factors. To quantify 
those factors, however, we must agree on definitions. What exactly do we mean when we use 
the terms spine stability cere eabiliy, and stabilization evercve? Often the meanings depend on the 
Iuickyround of the individual: To the biomechanist the terms pertain to 1 mechanical structure 
thar can become unstable when a “critical point” is reached; a surgeon may view abnormal joine 
rnotion patterns as unstable hut correctable through changing the anatomy; and the manual 
medicine practitioner may interpret paticrns of muscle coordination and posture as indicative 
of instability and acemptto alter one, or afew, snuscle activation profiles Several groups Lave 
rade contributionsto the sability issue, buconly a very few haveattempted to actually quantify 
stability This critical issue is addressed here. 

Upon completion of this chapter, you will understand stability and its importance in injury 
revention and rehabilitation, Furthermore, vou will understand why certain approaches are 
preferable for achieving sufficient stability 


Stability: A Qualitative Analogy 

The following demonstration of structural stability ilusrates hey issues. Suppose a fishing rod 
is placed uprightand vertical with the button the yround, Ifthe rod were wo have a smal oad 
placed inis tp, perhaps a pounel or two, it would soon bend and buckle. Now suppose that the 
same rod has guy wires attached atdifierentleves along ts length and tha those wires are aso 
attached to the ground in a circular pattern (see figure 6.1, -b). Each guy wire is pulled to the 
‘sume tension (this is critical). Now if the tip of the rod is loaded as belore, the rod can sustain 


Copyrighted Material 


na 


Copyrighted Material 


Figure 6.1 (a) The spine is analogous oa fishing rod placed upright withthe butt onthe ground 
When compressive load i applied downward to thetip, twill buckle quickly. (b) Atta 
Wires 3t different levels and in ciferent directions and, most important tensioning each guy wire to 
the tame tension will ensurestabiliy even with massive compressive loads. Notethat the guy Wires 
reed nat have high tersion forews ut tht the tail forces must be af roughly squal magnitude, 
Tis ithe role ol tho musculature in ensuring sufficient spine stabsity. 


the compressive forces successfully: I you reduce the tensénn in just ane of the wires, the rod 
will buckle ata reduced load: we could actully predict the node, o* locus, of the buckle 

‘Compressive loading similar t this has been performed on human lumbar spines. Typical, 
an osteoligamentous lumbar spine from a cadaver with muscles removed (and no guy wires) will 
buckle under apprenimately 9 N (about 20 th) of compressive load (Hist noved by Lucas and 
Brester, 1961). This isall thaca spine can withstand! 

“This analogy demonstrates the critical role of the muscles (the guy wires) to first ensure 
safficient stability of the spine so that itis prepared to withstand loading and sustain postures 
and movement. Also demonstrated with this example is the role of the motor control system, 
‘which ensures thatthe tensions in the cables are proportional so as to not create @ nodal point 
‘where buckling will occur, Revisiting the buesting injury that we observed fluorascopically in 
the powerlfter (page 105), we would hypothesize that it was caused by a motor control error in 
which possibly one muscle reduced itsactivation or, from the previousanalogy, lnstits stiffness. 
‘The synchrony of balanced stiffnessprodaced hy the mone contro system is absolutely critical 
Now we can address haw stability is quantified and modulated 


Quantitative Foundation of Stability 


‘This section quantifies the nosion of stability roe a spine perspective. During the 1080s, Pro 
fessor Anders Bergmark of Sweilen very elegantly formalized stability ina spine model with 
joint stiffness and 40 muscles (Bergmark, 1987). In this clessie work he was able to represent 
‘mathematically the concepts of “energy wells,” stiffness, stability, and instability. For the most 
part, this seminal work went unrecognized largely because the engineers who understood the 
imechsnies did not have the biological or clinical perspective and the clinicians were hindered 
in the interpretation and! iraplications of the engineering mechanics, This section synthesizes 
Bergmark’s pioneering effort as well as its continued evolution in the work of several others 
and attempks to encapsulate the critical notions without mathematical complesty, 


Copyrighted Material 


Copyrighted Material 


Ne" 
@) 
— 


a 


gure 6.2. The continuum of stability, (a) The deepest 
bow ismest table, and fal) the hump is least sable. The 
ballin the bowl seeks the energy well or position of mini- 


‘mum potential energy (m= g-h)-Deepening the howl or 
increasing the steepness of the sides increases the ability 
to survive pecturbation. This Increases stability. 


Ke 


PE=m-g-h 
Slope = joint stiffness 
Width at bottom of bowl = jint laxity 


Figure 6.3 The sioepness of the sides of the baw! Cor 
responds tothe stfiness of thepassive tissues ofthe jain, 
\Wwhich create the mechanical stop to motion. The width 
‘ofthe bottom of the bowl correspondsto joint laxity. For 
‘example, a positive “drawer test” on the knee would be 
represented by a flattened bottom of the curve in which 
small applied forces produce large unopposed motion, 


mathematically inclined, see Bergiark’s original 
work orits formalization by Cholewickiand MeCill 
(1996), 


Potential Energy 
as a Function of Height 


‘The concept of stability hegins with potential 
energy, which for our purposes kere is af two 
basic forms, In the first form, objects have poten- 
val energy (PE) by virtue of their height above a 
dau, 


P 


Critical to: measuring stability are the nations 
‘of energy ells and minimum potential energy. 
A bill ina bow! is considered stable because if a 
force (ora perturbation) were applied to it, itwould 
rise up the side of the bow! hut then come to rest 
again in the position of least potential energy atthe 
otwm ofthe bowl (he enengywell) (see Fygure6.2, 
ad), As nored by Berumark, “stable equilibrium 
prevails when the porential energy of the system 

viniman.” The system is made more stable ly 
cepening the bowl or by increasing the stespness 
of the sides of the howl, or both (see figure 6:3) 
‘Thus, the notion of stability encompasses the 
unperturbed energy state ofa system and a study 
‘of the system following perturhation—if the joules 
‘of work done by the perturbation are lessthan the 
joules of potential energy inherent to the systen 
then the system will remain stable (ie. the ba 
will not roll eur of the haw), The corollary 
that the mechanieal system will become unstable 
and possibly collapse if the applied load exceeds a 
critical vue (determined by potential energy and 
stiffness), 

“The previous ball analogy is a ewordimensional 
example. This would be analogous to a hinged 
skeletal joint that has the capadty only for flexion- 
extension, Spinal joints can rotate in three planes 
and translace along three axes, requiring a six- 
dimensional bow! for each joint, Mathematies 
enables us to etamine a 36-dimensional bow! 
(6 lumbar joints with 6 degrees of freedom each) 
representing the whole lumbar spine. the height 
of the bow! were decreased in any ane of these 
36 dimensions, the ball could roll out. In clinical, 
terms, a single muscle having an inappropriate 
force (and thusstilliness) ova damaged passive tissue 
that has lost stifiness can cause instability that is 
both predicrable and quantifiable 

Some clinicians have confused spine stabil- 
ity with whole-body balance and scatiliy, which 
involves the center of mass anil base of support in 


amass gravity - height 
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the context of falling over: this is quite cifferent from spine stability. Figure 6.4, and dy illus 
trates the mechanics of whole-body balance and stability. Figure 6.5, and b, shows the clinieal 
practice of prodding patients. This approach i misguided for enhancing spine stability. 


° 


Figure 6.4 Another type of ability, often confused with spine coluran stabilily, involves the center of mass and base of 
support in the context of falling over. (2) This wiangle is stable because a small perturbation to its top would net cause 
it to fall, The size ofthis sbility can be quantified, in part, by the size of he angle theta. (b) As the center of the mass 
‘approaches a vertical line drawn from the base of support, a smaller perturbing force would be required for ito fall, dery 
‘onstiating that itis stable but less so. 


Figure 6.5. (a, b) Misuncerstanding stability, illustrated in the examples given in figure 6.4, has led clinicians io iry to 
‘enhance spine stability by prodding patients and attempting to knock them off balance. This i not spine stability but 
whole-body stability. 
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Myths and Realiies of Lumbar Spine Stability 


Potential Energy as a Function 
of Stiffness and Elastic Energy Storage 


While potential energy by virtue of height is useful for illustrating the concept, potential 
energy as functon of stiffness and storage of elastic energy isactually used for musculoskeletal 


PE=12-kox* 
S/PEP 
S<0: unstable 
S:0:siabie 


Figure 6.6 Increasing the sifines ofthe cables 
{mmuscles) increases the stability (or deepens the 
bow) end increases the abilty to suppart larger 
applied loads (P) without falling. But mest impor- 
tant, ensuring that ihe stifiness is balanced on each 
sie enables the column to survive perturbation 
from either side. Increasing sifness of just one 
spring will actualy decrease the ability to bear 
‘compressive load (lowering PE in one direction 
and mode, illustrating the need for “balanc- 
ing” stiffness for a given posture and moment 
demand, 


application. Elastic potential energy is calculated from 
stiffness (k) and deformation (s) in the elastic element, 
as shown here: 


PE=1/22 


x 


We will use an elastic band as an example, Stretch- 
ing the band with a stiffness (k) a distance x, it wll store 
energy (PE). ‘The stretched hand has the potential to 
do work when stretched. In other words, the greater 
the stiffness (I), the greater the steepness of the sides 
‘of the how! (From the previous analogy), and the more 
stable the structure, Thus, siffness creates stability (ee 
figure 6.6). More speciiclly, symmetric stiffness creates 
even more stability. Symmetry in sifiness is achieved 
by virtually all muscles ofthe torsos se figure 6.7, «-.) 
Ii more joules of workare performed on the spine than 
thereure joules of potential energy duc to sifness the 
spine will heceme unstable (sce figure 6), 

Active muscle acts tke a stiff spring; and in fact, the 
greater the activation of the muscle, the greater this 
stiffness. Hofier and Andreassen (1981) showed that 
joint stiffness increases rapidly and nonlinearly with 
muscle activation such that only very modest levels of 
muscle activity create sufficiently stiff and stable joints 
Farthermore, joints possess inherent joint stiffness as 
the passive capsules and liguments contribute stiffness, 


"7 


Figure 6.7 (a) Spine sitiness (and siabiliy) i achieved by a complex interaction of sifening stiuctures along the spine 
and (b) those forming the torso wall. Balancing stitiness on all sides of the spine is move critical to ensuring stability than 


having high forces on a single side, 
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particularly at che ond range of motion, The motor 
control system is able to contol stability of the 
joints through eoordinaved muscle ceaesivation and 
to a lesser degree hy placing joints in positions thac 
modulate pastive sifiness contribution. However, a 
faulty motor control system can lead to inappropriate 
magnitodes of muscle force and stifness, allowing a 
valley for the ball troll ou or, clinically, fora joint 
to buckle or undergo shear translation. However, 
we are limited in our ability to analyze the local 
stability of mechanical systems and particularly 
musculoskeletal linkages, sinee the energy wells are 
nor infinitely deep and the many anatomical com 
ponents contribute foree and stiffness in synchrony 
ro create surfaces of potential energy in which many 
local wells enist, Thus, we locate local minima by 
examining the derivative of the energy surface. (See 
Berymark, 1987; Cholewicki and McGill, 1996, for 
mathematical detail.) 

We quantify spine stability, then, by forming a 
amatrix in which the total “stiffness energy” for each 
degree of freedom of oint motion is represented by 
2 number (or eigenvalue): the magnitude of that 
number represents its eoneribution to forming the 
height of the bevel in that ps 
Eigenvalues less than sero indicate the potential 
for instability, The eigenvector (different from the 
cigenvalue) can then identify the mode in which 
the instability occurred, while sensitivity analysis 
is used 10 reveal the possible contribucors to unstable behavior. Gardner-Morse and col- 
Jeagues (1995) initiated interesting investigations into eigenvectors by predicting patterns 
‘of spine deformation due to impaired muscular incersegmental control. Their question wa: 
“Which muscalar pattern would have prevented the instability?” Criseo and Panjabi (1992) 
began investigations into the contributions of the various passive tissues. Our group has been 
investigating the eigenvector by systematically adjusting the stiffness ofeach muscle andassessing 
scability in a variety of tasks and exercises. The contributions of individual muses to stability 
sre shown later in tis chapter. 

Activating 4 group af muscle synergists and antagonists in the apeimal way now hecen 
a critical issue, In clinical terms, the full complement of the stahilizing musculature must 
‘work harmoniously to ensure stability, generation of the requirell moment, and desired 
joint movement. Bat only one muscle with inappropriate activation amplitude may produce 
instability, or at least unstable behavior could result from inappropriate activation at lower 
applied loads, 


Load 


igure 6.8. |V more joules of work ave per 
the spine than there are joules of potential energy due 
to stiffness, the spine will become unstable—in this 
case, the insabilty mode is buckling 


Muscles Create Force and Stiffness 


Whena muscle contracts itcreates both force and stiffness. While stiffness is always stabilizing, 
force may stabilize or destabilize. The relationship between increasing force in a muscle and 
the corresponding stiffness is quite nonlinear, with large inereases in stiffness occurring quite 
carly as activation begins. ‘Thus as 4 muscle becomes more active it usually adds to spine 
stability; but if the farce keeps rising 

the muscle will become large enough to actually induce buckling of the spine (Brown and 
MeGill, 2005). This is more evidence for the wisdom of clinically enhancing spine stabil- 
ity with the objective of balance in stfiness and ferce in all contributing muscles rather than 
focusinggon a single muscle group. 


little additional stiffaess is created and the foree of 
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Sufficient Stability 


How much stabilityis necessary? Obviously, insufficient stiffness renders the joint unstable, but 
too much stiffness and eoactivation irsposes massive load penalties on dhe joints and prevents 
in define sufficient stability asthe muscular stiffness necessary for stability, with a 
margin of safety Interestingly, given the rapid increase 
in joint sifiness with meaest muscle foree, lange muscular fowes are tarely required. 
{Choteicks work (Cholewich and McGill. 1996; Cholewicki, Sons, and Radebutd, 2000) 
demonstrated that, in most people with an undeviated spine, modest levels of coactivation ofthe 
paraspinal andabelominal wall nmascles will result in suficient stability ofthe lumbar spine. his 
that people, fram patients to athletes, must be able to maintain sufficient stability in all 
activities—with low hut continuous muscle activation, Thus, maintaining a stability margin 
of safety when performing tasks, particularly the tasks of daily living, is not compromised 
ly insufficient strength but probably by insufficient endurance. We are now beginning to 
understand the mechanistic pathway of chase studies showing the efficacy of enduranee 
training for the muscles that stabilize the spine. Having strong abdominal muscles does not 
neeessurily provide the prophylactic effect that many hoped for. However, several works 
suggest that muscular endurance reduces the risk of foture buck troubles (Biering-Sorensen, 
1984), Finally, the Queensland group (e.g, Richardson etal, 1949) and several others (4 
O'Sullivan, Twomey, and Allon, 1997) noved the disturbances in the motor control syste 
following injury (detailed in chapter 5). These disturbances compromise the ability to maintain 
saffcient stability. In summary, stability comes from stiffness, passive stitinessis last with tissue 
damage, and active stiffness throughout the range of motion is lost with perturbed motor pat- 
tems following injury, 


Stability Myths, Facts, and Clinical Implications 


Haring explored some of the issues of spine stability, we will now consider a few crucial ques- 
tions that will help enhance chnical decisions. 


* How much mnscle activation is needed to ensure sufficient stability? ‘The amount of 
‘muscle activation needed to ensure sufficient stabibity depends on the task, Generally, for most 
tasks of daily living, very modest levels of abdominal wall cocontraction (activition of about 
10% of maximal voluntzry contraction or even Jess) are sufficient. Agsin, depending on the 
tusk, encontraction with the extensors (this will also include the guadratus) will ensure stability. 
However, ifa joint haslost stiffness beeause of damage, more cocontraction isneeded. A specific 
example is shown in chapter 13 

+ suny single muscle most important? Several clinical groups have suggested focusing 
‘on one 0 two muscles to enhance stability, ‘This would he similar o emphasizing a single guy 
wire in the fishing md example, Rarely would it help; rather it would be detrimental for achiev 
ing the balance in stiffness needed to ensure stability throughout the changing task demands, 
In particular, clinical groups have emphasized the maltifidus and transverse abclominis. ‘The 
(Queensland group performed some of the original work emphasizing these two muscles. This 
vwas based on their research noting motor disturbances in these muscles in some individuals fol- 
lowing injury. In yet, they developed a tissue damage model suguesting that chronically poor 
rotor control (and motion patterns) initiates microtrauma in tissues that accumulates, leading 
th symmpromati injury (Richardson etal, 1999), Further, according to the Queensland model, 
injury leads to Further deleterious change in motor patterns such that chronicity can be broken 
‘only with specific techniques tn reedveate the local muscle-motr control system. The inten- 
tions of the Queensland group were to address the documented motor deficiss and attempe to 
reduce the risk of aberrant motor patterns that could lead co the pathology-inducing patterns 
in their damage model, In other words, their recommendations appear to be directe toward 
reeducating the filty motor patterns, However, many clinical groups have interpreted this 
approach to miean that these two muscles should be the specific trgets when one is teaching 
sahility maintenance overall sorts of tasks, ‘This is problernatic. 
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Hopefully the understanding obtained from the stability explanation provided earlier wil 
underscore the folly ofthis unidimensional emphasis. In fat, che multidusor any ocher muscle 
‘ean be the most important stabilizer at an instance in time. Four exercises are presented as an 
example (see figure 6.9) in which the contributors to stability are shawn. The importance of 
individual muscles will change and adjust with subile changes in relative muscle activation, In 
these examples the adjustments of all the laminae in each whole muscle are averaged in order 
tw evaluate the entire muscle’ role. Obviously, adjustments in single laminae of some muscles 
would result in yeta different distribution of contributions to stability. Evaluating a wide variety 
of tasks and exercises is most revealing, The muscular and motor control system must satisfy 
requirements to sustain postures, create movements, brace against sudden motion or unexpected 
forces, build pressure, and assist challenged breathing, ll the while ensuring sufficient stability 
Virtually ll museles playa role in ensuring stability, bur cheir importance atany point in sime is 
determined by the unique combination of the demands just listed. Every study thathas actually 
quantified stability of the spine has reached the same conclusion—all muscles are important 
implying that a clinical focus on one muscle and not the whole system is detrimencal. In some 
instances, the performance of one muscle enhances another (e.g, the rectus abdominis assists 
the obliques for stabilization), Further, evidence has demonstrated that endurance in these 
muscles is necessary to facilitate the continuous low-level stiffening contractions required for 
the maintenance of sufficient stability (eg, Wagner etal, 2005), 


* Do locai/global or intrinsictestrinsic stabilizers exist? From the classe definition and 
quantification of stability, the answer would be no, Stability results from the stiffness at each 
joint in a particular degree of freedom. The relatwe contribation from every muscle source 
dymamically changing depending on its need to contract for other purposes. The way the 
\arious contributors to stifiness add up, howeves, is important, In some instances, removing a 
muscle from the analysis has very litle effect on joint stability. Once again, it depends on the 
demandsand constraintsunique tothe task at that instant. The point is thatall contributorsare 
Jmporeant for seme tasks and should he reengnized as potentially important in any prevention 
‘or rebabilitation program, Conversely, conceiving stabilizers as “intrinsic” or “extrinsic” may 
offer no benefit for clinical decision making, 
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Figure 6.9 Measuring individual muscle influenceon lumbar spine stability during performance of four diferent “stabiliza- 
tion” exercises demonstrates that all muscles are important and that thei relative importance changes with the task. Total 
stability js also indicated by the determinant demonstrating how stability can change between tasks, (This is an example 
froma single subject. Typically, group means indicate a different stability ranking of exercises. 
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+ What are stabilization exercises? Subility exercises and astable core are often discussed 
in exercise forums. What are stabilization exercises? The fact is that any exercise ean be a stabi- 
lization exercise dependingon how its performed. Sufficient pint stiffnessis achieved through 
the creation of specific motor patterns. To adapt a phrase popular in motor control circles, 
“Practice does not make perfect; it makes permanent.” Meally, good stabilization exercises that 
are performed properly groove motorand motion patterns that ensure stability while satisfying 
all other demands. Thus, an exercise, repeated ina way that grooves motor pattems and ensures 
astable spine, constitutes a stabilization exercise (McGill, 2001). However, some stabilization 
exercises are better than others; again, it depends on the objectives. For example, the resultant 
load on the spine is rarely considered. One key to improving bad backs isto select stabilization 
exercisesthat impose thelovest load on the damaged spine. Chapter providesa ranking of such 
exercises. On the ather hand, the best stabilization exereise for a high-performance athlete will 

volve the grooving of a dynamic and complex motion pattern, all the while ensuring sufficient 
spine stability. An important requirement for many athletes iso ensure a stable spine while 
breithing hard, such a5 when playing high-intensity spores. This will be discussed in chapter 
B. 

* Can clinicians idemify those who are poor stabilizers? From a qualitative perspective, 
the answor is yes as long as the clinician is cued into seeing and feelings compromised motion 
and muscle activation patterns, From a quantitative perspective, we have used modeling analysis 
to try 10 find ways to identify those who compromise their lumbar stability from specific motor 
control errors. We observed such inappropriate muscle sequencing in men who were challenged 
hy holding a loadin the hands while breathing 10% CO, ro elevate breathing. On one hand, the 
‘muscles must cocontract to ensure sufficient spine stability; bur on the other, challenged breath- 
ing is often charseterized by a rhythmic contraction-relaxation of dhe abdominal wall (MeGill, 
Sharratt, and Seguin, 1995), Thus, the motor system is presented with a conflict: Should the 
‘oso muscles remain active metrically w maintain spine stability, or will they rhythmically 
relax and contract w assist with active expiration (but sacrifice spine stability”? Fit motor sys- 
tems appear to mect the simultaneous breathing and spine support challenge; unfit ones may 
not. All ofthese deficient motor control mechanistrs will heighten biomechanical susceptibility 
1 injury or reinjury (Cholewick! and McGill, 1996). We are currently using this paradigm in 
a longitudinal study to see if those who bordered on instability daring this challenge will be 
the ones who develop low back troubles, Some other tests to detect functional instability are 
deseribed in chapter 11, 


In summary, achieving stability is not just a matter of activating a few targeted muscles, be 
they the multifidus, transverse abdominis, or any other. Sufficient stability is a moving target 
that continually changes as a function of the three-dimensional torques needed to support 
postures. It involves achieving the stiffness needed to endure unexpected loads, preparing for 
moving quickly, and ensuring sufficient stifiness in any degree of freedom of the joint that may 
be compromised from injury: Motor control fitness is essential for achieving the stability target 
under all possible conditions for performance and injury avoidance. 


Copyrighted Material 


Copyrighted Material 


Copyrighted Material 


Copyrighted Material 
PART II 


Injury Prevention 


Copyrighted Material 


Copyrighted Material 


CHAPTER 7 


LBD Risk Assessment 


wo types of physical risk factors predispose people to developingelow back troubles: those 

linked to the person (for example, muscle endurance or the lick of) and those linked to the 
demands of performing a certain task (for example, applied loads), This chapter describes how 
to assess the risk of hack troubles that resue froma the task demands 

Upon completion of chis chapter, you will understand the variables that are important 
include for rise assessment and be familiar with diferent wols 10 assess the risk. These tools 
include the NIOSH approach, the Snook psychophysical approach, the lumbar motion monitor 
(LMM) approach, andl the Ergowatch approach. 

‘Tiswue overload eauses damage aud subsequent low back troubles, Assessing the risk involves 
‘comparing applied loads with some form of load-bearing tolerance value. Chapter 5 included 
examples of applied loads, tissue loads, and injury scenarios. Although direct measurement of 
tissue loads would be ideal, this remains impractical for large numbers of people performing 
wide variety of occupational tasks and activities of daily living, Researchers have developed 
various modeling approaches to predict these loads, but they remain methodologically complex. 
For this reason, surrogates fortissue load that are linked with posture, applied load, and motion 
have been proposed. These were introduced in chapter 3, “Epidemiological Studies on Low 
Hack Disorders (L.BDs).” See “Brief Review of the Risk Factors for LBD for a lst of known 
risk factors that includes descriptions and evitiques of several appreaches tn assessing ther 

Four risk assessment approaches are presented more or less from least complex to most 
‘complex. The simplest approaches use metrics that are the easiest and cheapest to employ 
for injury riskassessment. However, these are compromised by a lack of accuracy and speci 
fieity and are not sensitive tw individual worker or person technique, The more complex 
approaches involve more sophisticated methods and are more expensive to conduct, but they 
are more robust in their sensitivity to specific tasks and the individual ways in which people 
lect to perform them. 


Brief Review of the Risk Factors for LBD 


‘Here are the risk factors that have been identified from epidemiological approaches 


+ Static work postures, specifically prolonged trunk flexion and a twisted or laterally bene 
trunk posture 
* Seated working postures 


* Frequent torso motion, higher spine rotational velocity, and spine rotational devia- 


* Frequent tifting, pushing, and pulling 
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+ Vibration exposure, particularly seated whole-body vibration 
+ Peak and cumulative low back shear force, compressive force, and extensor moment 
+ Incidence of slips and falls 


‘These risk factors have been identified from tissue-based studies: 


* Repeated full lumbar flexion 

+ Time of day (or time after rising from bed) 

+ Excessive magnitude and repetition of compressive loads, shear loads, and torsional 
displacement and moments 

+ Insufficient loading so that tissue strength is compromised 

+ Rapid ballistic loading (uch as that resulting during landing from a fall) 


And finally, these personal variables have been identified as risk factors: 


Increased spine mobility (range of motion) 
* Lower torso nmsele endurance 

* Perturbed motor control patterns 

= Age 

© Gender 

+ Abdomninal/torso girth 


NIOSH Approach to Risk Assessment 


For ahout the past 40 years both field surveillance and laboratory studies have focused on the 
relationship between hack injury and compressive forces experiesced by the lumbar spine. For 
example, in 1981 the National institute for Occupational Safety and Health (NIOSH) published 
guidelines for maximum compressive loading ofthe lumbar spine (both an action limit of 3400) 
'N [about 750 1b] and a masimum permissible limit of 6300 N [about 1400 Tb) hased on some 
earlier evidence. In 1994 Leamon questioned the use of ecmpression when he quite correctly 
ssated that the supporting evidence for compression as a metic, or index of risk, was sparse. 
Homever, since that time, several good data sets have shown that restricting the amount af low 
hack compression (both peak and cumulative) is one valid approach to reducing the risk of low 
back injury (for example, data sees in the previously discussed studies by Normen etal [1998] 
and Marsas etal [1995]}. In addition, NIOSH has also proposed lilting guidelines to lint the 
amount of load lifted in the hands, These limits are described in the following sections. 

‘The influence of NIOSH has been far-reaching; many groups have used these values in an 
attempt to reduce the risk in workers, In fact, the NIOSH approach continues to be widely used 
today primarily hectuse ofits ease of us, 


1981 Guideline 


"The fiese liking guide (NIOSH, 1981) was restricted to lif inthe sagittal plane and lf shat 

volved only slow and smeoth taations. Predictions of the load lifted in the hands were based 
‘on some rudimentary distances to characterize the kinematics ofthe lift and oad mement at the 
low back. Two mit (AL), whieh, if execeded, triggered action 
apply engineering and administrative controls, and che masimum permissible imit (MEL) for 
the Toad lifted, above which the ris is too high and not permissible, Weights lighter than the 
ALare considered sate. Experts with biomechanical, physiological, and pyyehophysical expertise 
‘chose the magnitude of these limits and the variables needed to eompute them, The general 
form of the formula used to compute the AL for weightin the hands is 4s follows: 


AL (kg) =40 (HE)(VEXDE\(FE) 


ts were defined: the action 
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or the horizontal distance (F) fom a point bisecting the ankles to 
the center of gravity of the load at the lift origin. This was defined as (15/H), 


cetical fazot, or the height (V) of the load at lift origin. This was defined as (0.004) 


istanee factor, or the vertical travel distance (D) of the oad, This was defined zs.7+7.5/D. 
FF = frequency factor, or the lifting eate defined as 1 ~F/Fimax. 
F = average frequency of the lift, while Frmax is obtained from tabulated data 


“The logic of the equation is t0 set a maximal load of 40 kg (8 Ib) and multiply this value 
agains. variables that act as discount factors, Thus, the maximal lifts 40 ky (88 Ib) under opti- 
ral conditions and when all discount variables equal unity (I). Suboptimal lifting conditions 
‘ause the discount multipliers to drop to smaller values, reducing the “safe” load. The MPL is 
‘computed as three times the AL. for a particular set of lifting circumstances: 


‘MPL = 3(AL) 


1993 Guideline 


‘The revised NIOSH equation (Waters etal , 1993) was introduced to address those lifting tasks 
that violated the sagittally symmetric lifting task restriction ofthe earlier equation. In addition, 
the concepts of the AL and MPL were replaced with a recommended weight limit (RWL) for 
a particular situation. Fee actual load to be lifted exceeds the RWL, the risk of developing an 
LBD is elevated. While the RWL equation is similar to the 1981 equation, two additional factors 
vere incorporated, These include an asymmetric variable for nonsagittal lifts and a factor for 
whether or not the object tas handles. Note that the specific variable weightings also changed 
from the 1981 equation form, 


RWL (ig) = 2305/1 -(0.003/V -751)] 
x (82 +4.5/D)PMDII = (0.0032A)}(CMD 


where 


HL = horizontal location forward of the midpoint herween the ankles st the origin of the lif. 
significant control is required at the destination, then H should be measured both at the 
origin and destination of the lift. 


‘V = vertical location at the origin of the lift, 
D = vertical ravel distance between the origin and destination of the lift. 
FM «frequency multiplier is obrained from a table supplied by NIOSH. 


‘A-= angle between the midpoint of the ankles and the midpoint between the hands at the 
origin ofthe lit 


CM a coupling multiplier rankeil as either god, fair,or poor It isobtained from a table 


‘The 1993 equation predicts smaller loads that can be lifted safely, when compared to the 
1981 equation, and is thas more conservative. Interestingls, NIOSH offered no provision for 
the difference in capacities of men and women; they are treated similarly langely for political 
reasons, (I iscussed this ste of discrimination and the impacton protecting vulnerable workers 

chapter 1) Further, the approach ignored any individual differences in body mechanics used 
during lifting. In addition, some have suggested that the handle factors may not be consistent 
with the subsequent forces endured by the hody: For example, while NIOSH assumed that 
having handles on the lified object is beter, our work has shown that handles allow the lifter t» 
apply even more foree, resulting in subsequently higher back Joads (Honsa etal, 1998)! Nene 
theless, the equations form a rudimentary approach to risk assessment that is easy to condact. 
‘Marras and colleagues (1999) concluded that the 1981 NIOSH guide identified low-risk jobs 
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vell (specificity of 91%) but did noe predict the high-risk jobs well. ‘The 1993 guide correctly 

tified 739% of the high-risk jobs bur did not identify the low- and medium-risk jobs well 
Overall, both NIOSH guides predicted those jobs resulsing in LBD with odds ratins between 
3.1 and +46, Marra and colleagues (1999) noted that the most powerfal individual variable was 
average low back moment (load in hands and the horizoncal distance between the anteriorly 
placed lond from the spine). 

‘More recent work by the Marras lab (Ferguson et al., 2005) has added perspective to the 
interpretation of the NIOSH appreach. The researchers measured populations of workers with 
low buck pain and age-matched controls and noted that lifting from the floor is problematic 
for many workers in particular those with back pain. This has impliations for return-to-work 
programs for people with injured backs. Further, their data have strengthened the growing 
impression that shear forces on the spine are probably more important than compression in 
determining injury risk. In fuet 74% of eheir high-risk tasks were categorized based on excessive 
Jumbar shear. Norman and eelleagaes (1998) made similar observations, 


Snook Psychophysical Approach 


‘The prychophysical approach to setting lond, or work limits, is based on people's perceptions 
as to what they feel isa tolerable work rate. The main erticism of this approach i that most 
people perceive physiologically related discomfort and not the internal loading on tissues that 
actually causes damage. For example, Dul, Douwes, and Stitt (194) made a case that muscle 
tiscomtfort, which is readily perceived, may not he correlated with actua! tissue Inads. Workers 
may not be cognizant of the tissue loads as they reach damaging levels(MeGill, 1997). Further- 
more, Karwowshi and colleagues (Karwowski and Pongpatanasuegsa, 1989; Karwowski, 1991, 
1992) noted! in a series of soudies that the general psychophysical approach ts very dependent 
‘on such factors as the instructions provided to the experimental subjects and the eolor of the 
‘object being lifted, to name a couple, For example, the Snook studies (1978) advised the work- 
ets to determine a work rate and load to be moved based on the instraction not to become 
undaly fatigued. The workers selected the loads they perceived not to be fatiguing. Yet when 
Karwowski repested the experiments but changed the instruction to lift leadk $0 that subjects 
would not hecome injured, the acceptable loads changed (they chose smaller loads). Karwowshi 
and Pongpatanasuegss (1989), whea evaluating the efleet ofthe color af the boxes being lifted, 
noted that workers would lit more when the boxes were white, as they perceived the black 
bboxes as being more dense. Recent work by my colleague Manly Frazer (anpublished) suggests 
that females base their perception of task-limsting loads more on shoulder discomfort than on 
spinal indicators, Males, on the other hand, base their perception on low back limitations. The 
Psychophysical approach appears to depend on many factors that modulate perception. 
The work of Snook (Snook, 197%; Snookand Cirillo, 1991) isprobably the most widely rec- 
ized in the psychophysics ares, The investigators experimentally controlled variables such as 
cjectsze, beige of tel and tovernen dstanes i ing and pushing and pulling tas for 
both men and women. They constructed tables compiling the acceptable loads for both men and 
‘women over a variety of tasks. On one hand this approach inherently incorporates the dynamics 
‘of the tasks, while on the other hand the eoneems raised in the previous parsgraph are worth 
considering, Nonetheless, the Snook approach remains popular for its ease of implementation 
and because itis one of the few assessment methods for pushing and pulling tasks, 


Lumbar Motion Monitor (LMM) 


Several studies have documented the links between spine motionand the development of LBD, 
bhut none more thoroughly than those of Marsas and colleagues (1993, 1995), They developed 
several types of regression models that demonstrated tht spine motion and, in particular the 
selocity of motion ani! the range of motion are important predictors of those jobs with high 
rates of disorders in fact, some odds ratios exceeded 10). The lumbar motion monitor isathre 

dimensional goniometer that measures the three-dimensional kinematics ofthe lumbar spine (see 
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figure 7.1). Marras and colleagues showed that the 
nematic variables obtained from workers wearing 
the LMM, when combined with simple measure= 
‘ments of lift frequency ar notion duty cycle and 
oad moment (the load magnitudemaltiplied by the 
distance to the low back), provide impressive risk 
predictions. Using the LMA on people while they 
are performing real on-site tasks and not labora 
tory mockups is relatively e1sy to do, [n addition, 
the LMM caprures the individual wars in whi 
people use and move their spines. See chapter 5 for 
discussion of the mechanisms of injury that are 
dependent on spine pesture and moti 


Ergowatch 


Biomechanical models have heen used to estimate 
leads in the low back tisues and identify high-risk 
jebsfor approximately three decades, Some models 


Figure 7.1. Wearing the lumbar motion moniter t» 
record thethiee dimensional kinematics ofthe lumbar 
were intended asa simple tool for heath and safe 
spine during performance of Industral asks. pesoinndl ia podesd scpesdivetiinneect ties 
risk on the plant floor. Other models were designed to be more robust in illustrating injury 
mechanisms and being sensitive to worker variance. Decisions as to which model to use hol 
down co the purpose and necessary complexity of the model 

“The eur “simple” models need the “complex” models to assess the many sinaplifying 
assumptions that affect accuracy and validity of eutpat, which in jum depend on the type of 
application, Further, in many workplaces, the most blatant or overt ergonomic injury risks have 
heen addressed, and onty the more subtie risks remain. Exgonomists need simple models but 
also must be conversant with the more complex models that will assist in rectifying the more 
subile injury risks and assist in developing more efiective intervention strategies, 

Although simple biomechanically based models to obtain quick estimates of low back compres- 
Sion exis, riskassessment for most jobs requires more complex metrics and analysis appreaches, 
In an effortto optimize biofidelity and industrial utility, Bob Norman, Mardy Frazer, Rich Wells, 
and developed the software package Frgowatch, Irutilizesthe 3D moments compred a joints 
while workers perform 3D postures or tasks together with the fourth dimension of time and 
the effect of repetition on determining the safe load. (tis available hy contacting D.Ganside@ 
twyaterloo.ea). The package uses the detailed output of the virtual spine (deseribed in chapter 2) as 
a foundation but makes assumptions to simplily data collection and to facilitate routine analysis, 
In this way individual worker behavior and spine mechanics are quantified but simplified into 
“average” muscular responses seen in workers performing similar tasks, This great simplifies 
ata collection and preserves the benefits of better anatomical representation and tore valid 
predictions of low back loads, Furthermore, by incorporating the injury data obtained from 
samples of workers, Ergowateh quantifies the risk of back injury during fully three-dimensional 
tasks and postures, The fourth dimension is time, in this case a variable needed to take into 
account the repetition of tasks over a work shift. 

With use of the Ergowateh, the joint coordinate data are entered manually or the user 
manipulates imo the work posture of interest. The software execates 
the difcul task of determining the three-dimensional joint moments by computing the Euler 
angles and transforming them into moments about the orthopedic aves of each joint. in this 
‘vay, the package is capable of calculating joint loads in any posture and for any combination of 
lift, lower, push, or pull task Ie also incoxporaces algorithms that capture the average muscular 
response measured irom workers o supportthree-dimensional spine moments of force together 
‘with strength data for both men and women. As wel, the model is sensitive to spine posture in 
that ligament and passive tissue forcesare invoked during fully flexed spinal postures. ‘Thus, the 
model more accurately predicts low hack shear forces supported by the spine (as enmpared to 
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reaction shear forces of other models}, together with compression forces that result from the 
load and the many torso muscles contracting to support a particolar set of three-dimensional 
moments (see Figure 72,45) noting that shear more often isthe variable desest t tolerance). 
While the upper limit or shear has been suggested ta be 1000 N 222 1h) the equivalent “action 
limit” for repeated loaling has been ser at 500 N (111 Ih) (McGill ecal., 1998, from tissue-based 
data; and Norman etal, 1998, using industrial injury reporting data) Finally, the risk is also cal- 
culated from accumulated loads daring repetitive workvia comparison ofthe loud-time integrals 
with epidemiologic data obtained from a large surveillance study conducted in an automotive 
assembly plant (Norman et al, 1998). (See figure 73,42.) 

‘The Ergowatch approach represents a compromise between simple models that are easy 
to implement but are not very robust in their risk assessment and more complex approaches. 
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Figure 7.2. Ergowatch computes lumbar compressive load from an algorithm representing the average response of the 
many muscles, measured from real workers, that combine to suppor the infinite combinatios of three low back moments 
flexion-excension, lateral bend, and axial tis. Because only three dimensions can be graphed atone time, (a shows the 
surface of lumbar compressicn from combinations of lexion-extension and twist moments, while (6) sows the surface of 
‘compression fram flexion-2xtension and lateral bend 


Euler Angles and Orthopedic Moments 


Etimations of three-dimensional joint moments are typically periormed using three onhogonal axes (XYZ). But 
asa person moves the orthopedic axes ofthe joins (oresample, in the lumbar pine, axis 1—Nleaion-extension, 
axis 2—lateral vend, axis 3—axial vist) also move so that they no longer align with the inertial XYZ axes, The 
difference between the orthopedic joint axes and the XYZ axes is described with Euler angles. The onhopedic 
‘moments are then obtained from the f-vector approach described by Grood and Suntay (1983), This involves 
taking the cross-product ofthe fong axis the primary axis, usually {wist) of two adjacent segments to form the 
secondary axis usually flexion-estension), The cross-praduct of the primary and secondary axes farms the E- 
vector, which in turn becomes the third joint orthopedic axis (usually lateral bend). Moments comouied about 
axes XYZ can now be transformed into joint specific orthopedic axes. This technique ensures that the joint axes 
‘convention “stay with the joint” as the person moves within the inertial coordinate system. 
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Figure 7.3. Ergowaich computes the joint specific, three-dimensional orthopedic momentsat each joint and uses several 
metrics to calculate tisk, For example, the low back risk includes compression and shear load threshold values along with 
accumulated loads during repetitive work by comparing the load-time integrals with epidemiologic data obiained froma 


large surveillance study, Two examples are shown: (a, b) a reaching lit and (c, d) an overhead assembly task 


Engowatch is still relatively easy to use, and it provides some degree of sensitivity to the way 
individual workers perform complex tasks. It uses many risk indexes to quantify the subsequent 
risk from a specific tsk performed over a work shit, 


Biological Signal-Driven Model Approaches 
‘The final approach for risk assessment is to measure biological signals from each subject in an 


attempt to capcure the individual ways people perform their jobs and then use sophisticated zna- 
tomicil, biomechanical, and physiological relationships to assign forces to the various tissues. 


The Marras Model and the McGill Model 


"The Marras mode! (Marrasanil Sommerich, 1992, 1991) measures eleccramyograms (EMGs) 
from several museles and, using lnown physiological relationships, assigns forces to the muscles 
during vietually any industrial task, As noted earlier, this approach revealed powerful evidence 
linking the physical demands of specific occupational tasks with the incidence of LBD. 

‘The McGill menlel (MeGill, 1992; McGill and Nositan, 1986 ) uses the same philosephical, 
approach to assign forces to the muscies but attempts to include the highest level of anatomi- 
‘al aceuricy possible, (This model was introduced in chapter 2.) For example, itso m 
three-dimensiomal spine curvature to assess forces to the various passive tissues, including the 
intervertebral dises anil the various ligaments, By assigning forces to muscles and passive tissues 
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throughout the full range of spine motion, it captures the different ways people perform their 
jobs and even how they change with repetitions of the same job. The obvious liability of the 
approach isits enermous computational requirements, pastprocessing of data, and difficulty of 
collecting such comprehensive data from a wide number of workers in the field, 

“The question of the validity of tis type of model must he addressed along with other motels 
hased on the biological approach, Some have argued that since these models contain known 
biomechanical and physiological relationships, they contain a certain amount of content validity 
Moreover, both the Marras mode! and the McGill model have been quite successful in estimating 
‘the various passive tissue and muscle forces that sum together to produce flexion and extension, 
Intecal bend, and axial twisting moments. (These moments have been well predicted, with the 
exception of the twisting moment.) In summary if rwistingis nora dominant moment of force 

particular job, these models appear tm he predicting accurate distributions of forces among 
the support tissues, 


EMG-Assisted Optimization 


Perhaps the eurrent pinnacle of model evolution i a hybrid moxteting approach known as EMG- 
assisted optimization (developed by Cholewicki and! McGill, 1994) with suability analysis and 
tissue load prediction (Cholewicki and MeGil, 1996). This approach exploits the asset of the 
biological EMG approach to distribute loads among the tissues bused on the biological behavior 
‘ofthe subject: It then uses optimization to fine-tune the satisfaction of joine torques about several 
low hack joints. The optimization takes the “biologically” predicted forces andl adjusts muscle 
forcesthe minimal amount possible to satisfy the three-dimensional moment axes at every joint 
‘over the length of the lumbar spine. Once the three-dimensional moments have been assigned 
and tissue forces determined, an analysis of spine stability is performed via comparison of the 
joules of work imposed on the spine through perturbation with the joules of potential energy 
existing in the stiffened column 

“This most highly evolved of spine models provides the biomechanist or ergonomis with 
insight into injury mechanisms caused hy instability (as witnessed by Cholewicki and Me 
1992) such as occurs dusing picking up a very light load from the floor. Eyen though patients 
have reported back injury from incidents such as bending over to tie ashoe, previous moeling 
approaches were sensitive only o tissue damage and injusy scenarios produced from large loads 
and moments, Now a biomechanical explanation is available to explain the subsequent tissue 
damage, and amethodis available to detect the risk of ts happening, Although the routine use of 
this typeof sophisticated mode by ergonomists isnot teasile, itis useful for trained scientists) 
for analyring individual workers and identifying those who are at elevated riskof injury because 
‘of faulty personal motor patterns, 


Simple or Complex Models? 


Jn summary, the complex models provide a tool ty investigate the mechanisms ofinjury and the 
effects of wchnique during msterial handling on the rise of injury: The most complex and most 
highly evolved models provide insight as to how injury oceurs with all types of heavy ang light 
loads. On the other hand, the simpler models, while sacrificing accuracy, can be-a powerful rool 
for coutine surveillance of physieal demands in the workplace but must be wisely interpreted in 
each case for their imitations and constraints, Biomechanics and ergonomics require the fall 
‘continuum of sophistication in models. The choice of which one to use depends on the issue 
in question. 


The Challenge Before Us 


In thischaprer I have sunimariced and critiqued several approaches for theirassetsand lakiiies, 
‘The choice of the most appropriate tool depends on the objective at hand. Yet many ergono- 
mists and industrial engineers believe that minimal tissue Ioading 1s bes. for all jobs, mouivat- 
ing them to direct their interventions toward making all jabs easier, This concept is fault 
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Biological tissues require repeated loading and stress to be healthy. Virtually all isk assessment 
tools consider only the risk oF too much loud. Risk assessment tools that survey too lice load- 

g for optimal health are just starting to emerge. The challenge isto develop a wise rest break 
scrategy 10 facititate optimal tisue adaptation, More robust assessment tools will be developed 
in the future based on the most healthy combination of work and rest. This will he achieved 
‘through first an understanding of the biomechanical, physiological, and psychological parameters 
‘of injury and human performance and then thoughtful application of this wisdom, 
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CHAPTER 8 


Reducing the Risk 
of Low Back Injury 


| have saggested in previcus chapters, many of the classic instructions from “experts” 
‘hour liking (for example, bend the knees and not the back) are in most eases nonsense 
Tn fice, very few occupational ling tks can be performed this way.’The renting tragedy is 
thatelinicians or other experts lose eredibilty in the eyes ofthe worker; the worker knows she 
ot do her job that way, She lifts ebjects from the floor, out of pacts bins, over tables, and 
so forth, ‘Phe seience shows that squatting can have an inczeased physiological cost and tha, 
depending on the characteristics of the load, it may not even reduce loads. Squatting is not 
always the best choice of position; it depends on the specifics of the task (size, weight, and 
density of the object: pick and place location; number of repetitions, ete). For example, 
the golfer’ lift (sce figure 8.6 later in this chapter) may be preferable for reducing spine loads 
to benuling the knees and keeping the back straight for someone repeatedly lifting light ebjects 
from the floor: 
Reducing pain and improving function for patients with low hack pain involve twa compo- 


© Removing the stressors that ereate or exacerbate damage 
‘Enhancing activities that build healthy supportive tissues 


‘This chapter addresses the issue of prevention, specifically, reducing the overloading 
sressors that cause occupational low back disorders (LIBDs). After reviewing lessons from the 
nd presenting the scientific issues, Twil provide two sets oF guidlines:one for work 
ther for management, Finally, will affer afew notes to enhance the effectiveness of 
consultants, The ists provided inthis chapter will result in more successful injury prevention 
programs. The practitioner or consultant who employs them ill sind out from his or her 
7 ara AE anya pu IS SINT i CO 
effective for any activity that ceduce the rsk of occupational low back woubles, Further, you 
will be aware of, and so will be able to avoid, the pills that cause ergonomic approaches to 
fal, Finaly, you will he a more effective consultant hy hamessing the real expertse—that of 
the worker. 


Lessons From the Literature 


Why does industry care about the backs of workers? Competitiveness in the new econom 
requires heing profitable, and for many the only way to enhance profit is to maximize loss 
control. A major source of losses to North American industry is worker injury, which resals in 
direct costs for compensation and indirect costs of hiring and training replacement workers as 
wellasredueed productivity due to lower speed and increzsed errors, For this reason, preventing 
Injury and promoting the rapid return to work of injured workers have become a major focus 
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for industry, Because hack injury representsan enormous cost in both real dotlars and suffering, 
‘companies are realizing the benefits of supporting injury prevention 2nd rehabilitation programs. 
Following area number of studies that have addressed the issues that must be examined if such 
programs are to be successful, 


Compensation Board Statistics—An Artifact? 


When completing injury report forms, clinicians are often requested to “name the event” that 
‘eased the “injury.” Thisinformation forms the satistcal base for compensation beards, which 
‘compile these reports into “injury mechanisms"—for example, the injured worker “lifted and 
twisted.” While these events may have been the “culminating event,” they were not the cause 
‘of the cumulative trauma that was presen allowing the injurious event to occur. Addressing the 
“culminating event” rather than the eause of the cumulative trauma may have litle efficacy. 


Ergonomic Studies 


IF LBDs are associated with loading, then changes in loading should change injury and absen- 
teeism rates, But surpeisingly, the literature does not provide clear guidance for reaching this 
objective; itneeds interpretation. The traditional ergonomic approsch isto establish acriterion 
that, if applied in the job design, would lead to a reduction in incidence rate. In a review in 
1996, Frank and collesgues suguested that modified work with lower demandscan be successful 
in ig the number of injuries hut that other changes such 25 organirational parameters 
made it difficult to conclude that physical demand changes accounted for any reported differ- 
ences. Thisis because very few studies have simply altered job demands, Furthermore, Winkel 
and Westgsard (1996) noted that the implementation of ergonomics can lead to what they 
called an ergonomic pitfall, That i, the new ergonomie consciousness causes many workers t 
report concerns that they dic nox previously realize were a result of their job situations. Thus, 
y newly implemented ergonomic intervention programs have resulted in a tempor: 

in musculoskeletal disorders. This effect appears to have confounded any study of ergonomic 
efficacy of insufficient duration, The number of good investigations documenting the effects of 
job change, or the implementation of ergonomic principles, i also low because such research 
is very time-consuming and difficult to perform on-site 

‘Nonetheless, several nice studies qualify by documenting only the effect of ergonomic job 
redesign. For example, in a report pn a series of studies on working women in Norway, Aaras 
(1994) noted a collectively documented reduetion in sick leave due to muscutaskeletal troubles 
fom job redesign (specifically; from 5.3% to 3.1%) and ¢ reduction in employee turnover from 
30.1% to 7.69%, 


Rehab and Prevention Studies 


Loisel and colleagues (1997) conducted a very interesting and important study in which they 
used arandomized control trial design with four groups. One group of penple with back injuries 
received “clinical” intervention consisting of 2 vist to a back pain specialist, hack school, and 
functional rehabilitation therapy. Another group received an occupational intervention consist- 
ing of a visit to an occupational physician and then an ergonomist to arrive at ergonomic solu- 
tions. A third group, the “full intervention group,” received both of these approaches, and the 
fourth group received “usual care.” The group receiving. fll intervention returned to regir 
‘work 2-41 times faster than the usual-care group, although the specie effect of occupational 

crvention (ergonomics) accounted for the largest proportion of this resale with a rate ratio 
of return to regular work of 101 

“Those paying for injury (government agencies and compensation boards and the insurance 
Industry) could reasonably argue fiom this evidence that, to reduce costs, care for the injured 
hack should be removed from medical hands (ance the medics have ruled cut “red flag” condi- 
tions such as tumors) and given to ergonomists! Tongue-in-cheek as this statement may be, its 
point s worthy of deep consideration, Hopefully the last section ofthis book will provide clues 
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for more efficacious medical intervention. Krause, Dasinger, and Neuhauser (1998) reviewed 
the literature on the role of modified work in the return to work and rated as high quality the 
Loisel study, as well as the studies of Baldwin, Johnson, and Butler (1996). This latter review 
‘concluded that modified work (involving the moification of musculoskeletal loading) iseffec- 
tive in facilitating the return to work of disabled workers, 

In addition to workplace design modifications, workplace interventions may benefit from 
addressing the personal movement strategies of each worker. Ina fascinating study Snook and 
colleagues (1998) demonstrated that of 85 patients randomly assigned to a group that con- 
trolled the amount of early-morning lumbar flexion, the experimental group had 2 significant 
reduction in pain intensity compared to a control group. When the control group received the 
experimental treatment, they responded with similar reductions. This is yet another example 
of how perwonal spine motion patterns and loading posture can influence whether the person 
will become injured. The next section blends notions of job design with personal movement 
strategies to reduce loading and the risk of LBD. 


Studies on the Connection Between Fitness 

and Injury Disability 

Teis tf to discuss briefly the mle of fimessin the link hetween injury and disability. Although 
<everal studies have shown links herwcen varies fitness factors and the incidence of LBD (e.g, 
Suni et al., 1998, who showed that higher VO,max scores were linked to LBDs), these cross 
sectional studies eannot infer causation. 

Probably the most widely cited longitudinal study was reported by Cady and colleagues (1979), 
who assessed the fiuiess of Los Angeles firefighters ani! noted that dose who were rated “ore 
fie" had fewer subsequent back injuries. However, whac is not widely quored by those iting this 
seudy is that when the more fitdi become injured, the injury was more severe, Perhaps the more 
fit were villing to experience higher physical loads, Several have suggested that a psychological 
profile is assoriated with being fit (¢.g., Farmer et al, 1988; Hughes, 1984; Ross and Hayes, 
1988; Young, 1979) and that the unfit may complain moze about the more minor aches, Along 
those nes, some athletes have demonstrated the abcy to compete despite injury. Burnett and 
colleagues (1996) reported cricket bowlers with pars fractures who were sill able to compete. Is 
thisdue to their supreme fitness and ability ro achieve spine stability or their mental toughness? 
Perhaps its both, The issue remains unresolved 

Ieis alo interesting to note that personal fimess fictors appear to play some role in first-time 
‘ecearrence. Biering Sorensen (1984) vested +19 men and 479 women for «varity of physical 
‘characteristics and showed that those with larger amounts of spine mobility andl lower extensor 
muscle endurance Gndependent factors) had an inereased occurrence of subsequent first-time 
tack toubles. Luoto and colleagues (1995) reached similar conclusions. Ix would appear that 
‘muscle endurance, and notanthropometric variables, is protective, 


” the Worker? 


Ergonomics is often described as “fitting the task to the person.” There are many efficacy stud 
ies now showing that ergonomic job change is effective to various degrees, but notas effective 
as might be thought. For example, a study of mechanized lifting aids ina patient care facility 
showed that the ergonomic zids reduced physical demands and decreased staff fatigue, yet 
injury rates remained unchanged (Yassi et al, 2001). While training of the worker has heen 
shown to be necessary with virtually any physial ergonomic intervention (e.g, van der Molen 
ef al,, 2005), the way the worker moves also appears to be highly imporeant. Reducing injury 
‘vith exgonomie approaches appears to have some efficacy, but any Further advances will prob- 
ably require “changing the person to fit the task.” Gagnon (2003) observed “expert” lifters and 
‘concluded thar thei lifting strategies and personal body movements led to cheir health success. 
Our work for the past several years has converged on the notion that the way the exertion is 
performed determinesthe risk. Our quantification of maril arts tasks, weighthfting, strongman 
‘competitions, and so on proves that technique determines the risk in very challenging physical 


Beyond Ergonomics: Is It Time to “Moi 
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Figure 8.1 (a) Flexing the 
terse invaives either hip flex- 
fon or spine flexion, arias in 
this ease) both. (b) A neutral 
spine with hip flexion. 


tasks, The nest section of this chapter incorporates these notions within the 
contest of reducing the risk of hack injury. 


LBD Prevention for Workers 


‘This seetion addresses listofissues thatare scientifically justifiable to reduce 
the risk of occupational LBDs, 


Should Workers Avoid End Range 
of Spine Motion During Exertion? 


Generally, the answer to whether end range of motion shoul be avoided is 
vyes—for several reasons, Maintaining 3 more neutrally lordotic spine will 
maximize shear support, ensure a high tolerance of the joint to withstand 
compressive forces, eliminate the risk of ligamentous damage since the 
ligamenes remain unstrained, eliminate the risk of cise herniation since this 
is associated with a fully flexed spine, and qualitatively emulate the spine 
postures that Olympic lifters adopt to avoid injury Gee igure 8.1, ab, f 
an illustration ofa flexed and a neutral spine). Unforcunatel this issue hay 
heeome confused with isues such as whether itis better t stoop oF squat. 
Another source of confusion has evolved from the common recommenda 
tion to pervorma pelvic tlt when lifting the scientificbase for this clinically 
popular notion isnonexistent! Performing a pelvic tlt ncreases tissue stresses 
and the risk of injury! 

What spine and hip posture best minimizes the risk of injury? We do 
know that very few lifting tasks in industry can be aceomplished by bending 
the knees andnot the back. Furthermore, most workers rarely adhere to this 
technique when repetitive lifts are required—a fact that is quite probably 
ilue tothe increased physiological cost of squatting compared with stooping 
(Garg and Herrin, 1979), However, a ease ean bemade for preserving neutral 
lumbar spine curvature during lifting (specifically, avoiding end range limits 
of spine motion about any of the three axes). This isa different concepe from 
trunking, as the posture of Uhelumbar spine ean be maintained independent 
‘of thigh and trunk angles. 

‘The literature i confused between trunk angle or inclination and the 
amount of flexion in the lumbar spine, Bending over is accomplished by 
either hip flexion or spine flexion or both, Itis the issue of specific lamba 
spine flexion that is of importance hece. Normal lordosis cin be considered 
to bethe curvature ofthe lumbar spine associated with the uprightstanding 
posture, (To be precise, the humbar spine is slightly extended from elastic 
equilibrium curing standing: see Scannell and MeGill, 2003.) In Figure 8.2, 
awarchonse worker issoceessully sparing hisspine by avoiding end range of 
spine mation even though he is not hending ve knees; he has accomplished 
tomo flexion by rotating about che hips. In gure 8.3, 2 Firefighter is dem- 
onstrating a spine-sparing technique (figure 8.34) versus a spine-damaging 
technique (Figure 8.32) for liting extinguishers. Chapter 10 offers further 
‘oecupation-specific examples (ey, the construction workers demonstrating 
spine-sparing postures in figure 10.3). 


In chapter 5, [ explained the load distribution among the tissues of the Tow back. Of inter 
est here are the dramatic elfects on shear loading as a function of spine curvature, Recall the 


following facts: 


+ Agpine thacis not fully lexed ensures thar the pars lumborum fibers ofthe longissimus 
thoracis and iliocostalis lumborum are able to provide a supporting posterior shear force 
oon the superior vertebra, while fall lexion causes the interspinous ligament complex 
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to strain, imposing an anterior shear force on the 
superior vertebra, For these reasons, avoiding full 
exion not only ensures a lower shear Toad but also 
eliminates ligament damage, 

* A fully deed spine is significantly compromised in 
itsability to withstand compressive loa. 

* Because herniation of the nucleus through the 
annulus is crused by repeated oF prolonged full 
flexion, avoidance of the posture minimizes te risk 
of herniation (a cumulative trauma problem) and 
minimizes the stresses on any developing annalar 
bulges. 


Olympic lifters provide a convincing esample of the 
efficacy of avoieling lumbar flexion in lifting. ‘They lock 
their spines in a neutral posture and emphasize rotation 
about the hips (see figure 8.4), lifting enormous weights 
without injury. The ambulance attendants in figure 8.5 are 
ako sparing their backs by locking the lumbar regions to 
Figure &.2 Thiswarchause workerienotbend. avoid flexion, 
ing the knees, yet he fs sparing the spine by Thus, the important issue is not whether itis better to 
electing to bend and rotate about the hips; the stoop lift or to squat lift; rither, the emphasis should he 
lumbar spine isnot flexed. to place the loud close to the body 0 reduce the rexetion 
‘moment (and the subsequent extensor forces and resultant 
‘compressive joint loading) and co avoid « fally 
flexed spine may be better w squat 
to achieve this; in eases in which the object is too 
Iarge to ft between the knees, however, it may be 


6 


Figure 8.3 (a) This fvelighter, who isilexing histumbar Figure 84 World-class performances in Olympic 


region, is loading the passive tissues and increasing his weghilifing are characterized by a lumbar spine 
risk of back troubles. (b) Avoiding full lumbar flexion jacked in neural, where the motion takes place 
ancl rotating about the hips spare the spine. about hehips and knees, Spine motion would ether 


lead to injury, oF an uncompetitive it 
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Ibotter so stoop, flexing atthe hips but always 
avoiding fall lumbar flexion to minimize pos- 
ey SCENE terior ligamentous involvement. (For a more 
comprehensive discussion, see McGill and 
‘Rippers, 1994 McGill and Norman, 1987; 
Potvin, Norman, and McGill, 1991) 

Yet another spine-sparing lifting posture is 
the golfer’ life, which reduces spineloads for 
repeated lifting of lightobjects (see figure 8.4, 
a-b) (Kinney, Callaghan, and McGill, 1996). 
‘The hipsact as. fulerum in which one leg is 
cantilevered behind with isomesric muscle 
contraction, forming a counterweight to 
rotate the upper body hacke:o upright. 


MEDIX 


fgets Tew amhinnce memes aeaenng WHAtArE the Ways 
to spare thet backs by avoting mbsr fexion and iting to Reduce 
together to share the load. They have also been taught to i 2 
Gh MC iemageonnlnaae te Reaction: Morente 
Apopular instruction iso hold the load close 
1 the torso when handling material. This is biomechanically wise; a reduced lever arm of the 
load requires lower intemal tissue loads necessary to support the reaction moment: Bat phras- 
ing the principle in terms of holding the load close restricts the notion to lifting tasks The real 
biomechanical principles to reduce the reaetion moment. When phrased this way, the principle 
is now applicable to any task involving the exertion of external force, 
‘One technique isto expand the concept used by archers—termed the “archers bow” by some 
‘of my Australi colleagues (Figure 8.7), Here, one arm pushes to support the reaction moment 
peed ro sappese the upper body while the ether arm lifts the load 


Directing the Pushing Force Vector Through the Spine 


Whenone is pushing carthandle, directing the pushing force vector through the lumbar spine 
reduces the reaction moment and therefore the tissue loads and spine load (see figure 8). In 


Figure 8.6 The golferslit has been documented to minimizelow back motion and reduce the loadson the lumbar tissues 
by using the leg which is cantilevered behind, asa counterweight; the hips act asa fulcrum toraise the torso to upright. This 
isan effective technique for repeated lifting of light objects from floor level. (a) Mos sill adhere to the general instruction 
to bend the kneesand keep the back straight, not (b) considering the spine-conserving benefits of the golfer’ lit. 
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Figure 8.7 (2) The archer’s how (b) is tanslated to a lfing situation minimizing hack loacing 
Opposing hand farces are shewin with arrows 


‘onerast, pushing force directed thecugh the shoulder would not be directed theongh the low 
hack (ie figure 8.9, «-b) this formsa transmissible yeeror. The lange perpendicular distance from 
this foreeto the spine enssesa high reaction torque that i balanced by muscular fore; this imposes 
a corresponding cumpressve penalty on the spine, Rereeting the transmissible vecwr through the 
Towback reduces this moment arm (and the mement, the musele forces, andthe spine eompees- 
sive load, Other examples from everyday activities include the technique used to open a doors 
irecting the palling force through the low hack issparing (see figure 8.10, -c). Another example 
is vacuurning, which is often reported by our patients to exacerbate their symptoms, Holding 
the handle to theside createsa large moment arm for the pushing and pulling forces; this heay- 
ily loads the back (see figure 8.11«), Directing the push and pull forces through the low tack 
‘minimizes the moment arm (see figure 8.114) and removes the loads that ensure that patients 

remain patients! These examples demonstrate how this 
powerful hutrarely practiced technique of silled control 
ifthe transmissible vector spares the back, 


Diverting the Force 
Around the Lumbar Spine 


‘Still other very effective ways exist to reduce the reaction 
moment. The next eximples demonstrate hiw workers 
skillfully spare the low beck by diverting force around 
the lumbar region when lifting. ‘The workers lifting the 
shaftin a paper factory in figure 8.12 are minimiring the 
reaction moment by fing the shaft with their thigh (by. 
plantar flexing the foot). In this way, the weight of the 
shaft is directed down the thigh wo the floor, bypassing 
the upper bedy linkage and spine. Prior w redesigning 
the job the workers had to lft the shaft with arm forces, 
Figure 8.8 Pushing through thehands bat direct. causing Tow back problems and motwating our involve- 
ing theforce vector to pass through the low back ment, Figure 8.13, a through g illustrates how a worker 
minimizes the low back moment (ond minimizes can perform the same maneuver to lift a patient. Observe 
the muscular leach). that the lifter is pulling che patient’ pelvis onto his thigh 
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Figure 8.9 (2) Pushing or pulling forces that pass by the spine with a large moment arm ensure a 
high moment and corresponding high muscle forces and spine loads, (b) Pushing forces directed 
through the low hack minimize the moment and spine load, 


Figure 8.10 (2) Opening a door by diecting hand forces through the low back spares the spine. Many people are not 
taught how to optimize this principle during the performance of daly tasks. (6) Instead, they sacriice their spine by open- 
Ing the door so thatthe force is lateral to the lumbar spine creating a twisting torque or (c) produce a pulling force that 
passes over the low back 


and standing along with the patient (Nowe that patient lits cannot be performed with universal 
technique since al patients are different and can offer variable assistance.) Minimal forces are 
transmitted down the spine. Shoveling snow by resting the forearm on the thigh involves the 
‘ime spine-sparing principle (se figure 8.14, 4-4). 
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Figure 8.11 (2) Vacuuming is often reported as prob- 
lematic for bad backs, The transmissible vector in tis 
‘example hasa large moment arm with respectto the back 
and requires large twisting torque forces (causing pain). 
(b) The transmissible vector is directed through the low 
back, minimizing the load and the pain and enabling 
vacuuming. 


Figure 8.12 This task requires worker to fit» heavy 
shaft while another worker slides on a core from the end. 
A high incidence of back troubles motivated our corsult- 
ing recommendation to install a bar forthe foot, which is 
plantar flexed to raise the shaft now supportedon the thigh. 
‘The forces now transmit directly down the leg, completely 
bypassing the arm and spine linkage. 


Figure 8.13 (a) Liftingthe patient can be performed with minimal loading down the spine provided the heightof the set 
is close tothe height ofthe liters thigh when in a squat postion, (b) The patient's pelvis is pulled and slid onto the Hiter's 
thigh, and! (c) then the lifter stands up, hugging the patients pelvis and minimizing the forces up the arms and down the 
spine, This spine-spaving technique is reserved for patients who are able ‘o stand 


I 
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Figure 8.14 (a) Shoveling snow with a large moment arm for the load on the shovel loads the 
back. (b) Resting the arm en the thigh directs the forces to the ground, bypassing the arn and 
spine linkage. 


‘A Note on Pushing and Pulling 

Our studies comparing the expert techniques of firefighters versus gradunte students were 
roted in chapter 5. Specifically, for tasks such as hose pulling, the firefighters braced the body 
and pulled the hose with the force vector traveling through the low back to minimize fmbar 
loading (ee figure $.15), Some of our recent work documenting the techniques employed by 
hospital workers when they transfer patients highlighted once again this important technique 
(McGill and Kaveic, 2005). On occasion frition-reducing devices are placed underneath the 
patients that need to he transferred. Pushing and pulling by the provider are then applied tothe 
patient. Even with the fFition-reducing devices, 
the principleofdireering the hand forces through 
the humbar spine isa very important component 
in msinimizing spine forces. 


Reducing the Load 

Finally, workers use sill to reduce the actual load 
and hand forces whea lifting large abjeets, Some 
tasks can be performed by lifting only half of the 
bjectatatime. For example, when loading long 
logs onto the hack ofa truck, a worker could lit 
just one end (effectively handling only halfof he 
full weight of the log) and place it om the bed 
‘The worker could then walkaround to the other 
end of the log and life while sliding the log onea 
the bed (see figure 8.16), Fach life is halfof the 
totalload. A sequence of ualoading arefrigerstor 
demonstrates the same wehnigue; the fll weigh 
of the object ismever lifted (sce Figure 8.17, 6° 
Figure 8.15. Directingthe pullingiorces through the low ‘The worker lifting the mini-refrigerator (shown 
backhelpstominimize spine forces, Spine poste (neutral) in figure 8.13, 4) tit it up onto an edge, rais- 
and whole-body posture to reduce the reaction moment) ing ts center of gravity together with the initial 
ane also important variables fr injury avoidance. lifang height, Lifting trom this higher staring 
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Figure 8.16 This girl loads the log into the iruck by lifting only half ts weight at a time, First she 
lifts one end onto the truck, Then she lifts the ether end and slides the log ania the bed, 


Figure 8.17 This worker unloads the refrigerator fiom the trailer without having to Tift ts fll weight. (a) He “walks” the 
refrigerator on its comers to the edge ofthe trailer, where he balances it over the lip ofthe bed, (b) Next, he sles the 
refrigerator down the trailer’ talgate. (c) He walks the eetigerator clear of the tailer and! leaves it standing upright while 
he retrieves the dally. (de) He pushes one edge ofthe seigrator up just enough to slide the dolly under it. 7 Finally 
he anela coworker whee! the appliance away 


Position reduces the necessary moment. The concept of minimizing the reaction moment is 
‘uch more robust than simply telling people to hold the load clase to the boy 


Should One Avoid Exertion Immediately 
After Prolonged Flexion? 


‘Recall that protonged flexion causes both ligamentous creep and a redistribution of the nucleus 
\ithin the annulus (ee chapter 5) In this way che spine tssueshavea loading memory. Further, 
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evidence from Jackson and colleagues (2001) suguests that prolonged flexion 
rmodlifies the extensor neurological response and causes muscle spasming, 
at least until the ligamentous creep has been restored, In this ease it was 7 
hours! Spine stability would be compromised during this period, and the risk 
of annulus damage remains temporarily high. If possible, ater prolonged 
% | sooping or sitting activities, people should spend time standing upright 
before attempting more strenuous exertions. For example, it woul be very 
yp | unvise forthe gardener in figure 8.19 to stand and lift a bag of peat moss or 
for the shipper/receiver in figure 8.20 to rise and immediatly begin load- 
ing pallets. How long should one wait before performing an exertion? Data 
from Twomey and Taylor (1982) derived from cadaverie spines suggest that 
age delays recovery of the spinal tissues. Mell and Brown (1992) noredd 
thar residual laxity remained in the passive tissues even alter a half hour of 
sanding following prolonged flexion—although the flesion was extreme in 
an occupational contest. Ar least 50% of the joint stiffness returned after 2 
sminutes of standing following the session of prolonged flexion, 
As noced in chapter 5, because the mechanics of the joints are modulated 
by previous loading history, one should never move immediately toa lifting 
tusk from a stooped posture or after prolonged sitting. Rather, one should 


{irsestand, or even consciously extend thespine, or short period. Obviously, 


Figure 8.18 


the mini-refrigerator by tilting 


it up onto 


its center of gravity together 
with the intial lifting height. 


(h) Lifting 


starting position reduces the 


necessary 


man can reach the standing 


people in certain occupations such as emergency ambulance personnel eannok 
follow this guideline. They arrive at an accident scene without the luxury af 
time to warm up their backs and may have to perform nasty lifts—such as a 
150 ky heart attack victim out of a bathtub! For these individuals, the only 
serategy ist avid 2 filly flexed spine posture while driving so tharthe spine 
remains best prepared to withstand the imposed loads. This may be dane with 
accentuated lumbar pads inthe ambulance seats and with worker taining, 


4 Should Intra-Abdominal Pressure (IAP) 
Be Increased During Lifting? 


Generally the answer is no: Atleast IAP should not be inereased consciously, 
Recall the discussion concluding that IAP does not reduce spine loading 
bur does act to stiffen ir agains: buckling, Ry successfully completing the 
rehabilitation taining advocated in the final section of thie hook, people can 
train thee breathing and IAP to be independent of exertion, In this way 
any specific insructions regarding breathing and exertion become moce 
3. Ta most cases IAP will rise natarally, and no further conscious effort 
‘equited, 
‘A final caveat is required here. Very strenuous lifts, if they must be per~ 
formed, wil require the busldup oFLAP to increase torso stiffness and ensure 
stability (Cholewicki, Jularu, and McGill, 1999). On the ether hand, we know 
that a substantially increased intrathoracic pressure (as occurs with lifting) 


(al This man lifts 


an edge, raising 


fem this higher 


moment s0 the 


position without damage to Will compromise venous return (Mantysaari, Antla, and Peltonen, 1984). 


his back 


Further, breath holding duringesertion raises both systolic and diastolic blood 

pressure (Haslam et al 1988), which can he a concem for some. Blackout 
is nor uncommon in strenuous lifting even though itis not clear which mechanism is respon- 
sible (MacDougall ct al., 1985), Reitan (1941) proposed that blackut may be due to elevated 
ceniral nervous system flu pressure (IAP also raises central nervous system fluid pressure in 
the spine and up to the head), whercas Hamilton, Woodbury, and Hlarpes (1944) proposed that 
an inerease in cerebrespinal fuid pressure might actually serve a prokective function (i. the 
consequent decrease in transmural pressure across the cerebnal vessels could actually decrease 
the risk of vascular damage). At chis point, given these issues and a lack of full understanding, 
‘moderate IAP may be warranted with the understanding of the negative skle effects, Extreme 
lifting efforts involving conscious increases in LAP should not be performed at work, 
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Figure 8.19 This gardener would 
be unwiseto stand and immediaiely 
lit a heavy object after spending a 
long period of time in a stooped 
posture. Rather, standing for a brief 
period and even extending will 
prepare the dise and posterior pas- 
sive tissues to reduce the risk of 
injury. 


Figure 8.20. Thisshipper/iecoiver’s 
work |s characterized by periods 
Of siting followed Immediately by 
liting when a truck pulls up to the 
fading dock, Again, standing, and 
waiting for a few minutes prior to 
the exertions will reduce the risk 
of injury. 
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Are Twisting and Twisting Lifts 
Particularly Dangerous? 


While several researchers have identified twisting of the trunk as a 
factor in the incidence of occupational low back pain (Frymoyer et 
al, 1983; Troup et al, 1981), the mechanisms of risk require some 
cexplination, The kinematic act of twisting has been confused in the 
Tirerature with the kinetic variable of generating: twisting torque. 
‘Fristing torque in the torso ean be accomplished whether the spine 
is twisted or not. 

Generlly, twisting to moderate degrees without high twisting 
torque is not dangerous, Sone have hypuchesized based on an inertia 
argument that vwisting quickly will impose dangerous axial torques 
‘upon braking the axl rotation ofthe trunk at the end range of avon, 
Farfan and colleagues (1970) proposed that twisting ofthe disc isthe 
‘only way to damage the collagenous fivers in the annulus leading to 
failure. ‘They reported that distortions of the neural arch permitted 
such injurious rotations, Shintzi-Adland colleagues (1986) conducted 
more detailed analyses of the annulus under twist. They supported 
Farfan’ concention that twisting indeed ean damage che annulus at 
end range bat also noted that twisting is not the sole mechanism of 
annulus flue Tn contrast some research has sugested that twisting. 
in vivois not dangerous to the dise asthe Facet in compression forms 
a mechanical stop to rotation well befare the elastic kimi of the dise is 
reached; thus, the Facetis the first structure to sustain torsional failure 
(Adams and Hytton, 1981). In study of ligamentinvolvement during 
‘wrising, Ueno and Liu(1987) eoneluded thatthe ligaments were under 
only negtigible strain during a full physiological twist. Howerer, an 
analysis ofthe LA-L5 joint by McGill and Hoodless (1990) suggested 
that posterior ligaments may become invoived ifthe joints fully flexed 
prior to twisting. 

Generating twisting torque is different issue (see figure 821, a~ 
Since no muscle has a primary vector direction designed to create 
twisting torane, all muscles are activated in a state of great cocontrac~ 
tion, This results in a dramatic increase in compressive load on the 
spine when compared to an equivalent rorque aboutanother axis. For 
example, data from a combinstion of our previous studies indicate 
that supporting 0) Nm in the extension axis imposes about 800 N of 
spinal compression. The samme 30 Nin in che lateral bend axis results 
inabout 1400 N of lumbar compression, but 50 Nim in the axial wise 
axis would impose over 3000 N (McGill, 1997), It appears that the 
Joint pays dearly to support even smal axial torques when extending 
during the lifting of load. 

“To conclude, the generation of axial nwisting torque when the 
spine is unewisted does not appear to be of particular concern. Nor 
is the act of twisting over a moderate range without accompanying 
twisting torque, But generating high torque while the spine is twisted 
appears to ereatea problematic combination and a high risk. This is 
ff particular concer in several sports and will he addressed in that 
‘context in chapter 13, 


Is Lifting Smoothly and Not Jerking the Load Always Best? 


The answer tothis questionis no, We have all heard thats lond should be lifted smoozhly andnot 
jerked. This recommenchtion was most hkely maseon the bass that accelerating load upward 


Copyrighted Material 


Copyrighted Material 


ow Back Disorders 


Figure 8.21. (a) Twisting the torso & occurring al the same jime that twisting torque is requiced, 
whichis a dangerous combination, (b) Generatingthe twisting torque hut resticting the torsa twist 
isa spine-sparing strategy (and can also enhance perfomance) 


increases its effective mass hy virtue of an aditional inertial force acting downward together 
with the gravitational veetor. However, this may not always he the case. Its possible to lifta load 
by transferring momentum from an already moving segment. Auer and colleagues (1900) showed 
thatwhen compared tonevice lifters, expert materials handlers sometimes choose techniques that 
rake more efficient use of momenturn transfer, ‘They do not always lft slowly and smooth) 

“Troup and Chapsian (1969) referred w the concept of momentum transfer during lifting, as 
thas Grieve (1975), who coined the term kinesc lif. Later, MeGill andl Norman (1985) docu- 
‘mented that smaller low back moments were possible in certain eases usingea skillful transfer of 
‘momentum, For example, ia load s awkwartly placed, perhapson a work able 75 em G0in.) 
from the worker, a slow, smooth lift would necessitate the generation of a large lumbar extensor 
torque for a lengthy duration of time—a situation that is ost strenucas on the back, However, 
the worker could lift shis load with a very low lumbar extensor moment or quite possibly n0 
‘momentat al. Ifthe worker leaned forward and placed his handson the load, with bent elbows, 
the elbow extensors and shoulder museularare enuld thrust upward, initiating upward moxion 
‘ofthe trunk to create both linear ard angular momentum in the upper body (note that the load 
has not yet moved), As the worker straightens his arms, coupling takex place between the load 
and the large trunk mass (asthe hands then start apply upward force on the load), transferring 
same, orall, of the body momentum to the load and causing it to be lifted with a jerk, 

‘This mechanical solution was proven w be effectiveina very early experimentin my research 
career, The person shown in figure 8.22, « and bis demonstrating a ask in which the fond can 
be lifted slowly, which would load the low back unduly, or with the kinetie it technique, which, 
ifcorrectty performed, will spare the back. (Obviously the markers on the model’ body were to 
assist the measurement of body segment movement.) This highly skilled “inertial” technique 
is observed quite frequently throughout industry and in some athletic events such as competi- 
tive weightlifting, but it must be stressed that such lif are conducted by highly practiced and 
skilled individuals, In mest cases, acceleration of loads to decrease low back stressin the manner 
teseribed is not suitable for the average individual conducting the lifting chores of daily living. 
‘The momentum-transfer technique isa skilled movement that requires practice; itis Feastble 
‘only for awkwardly placed lighter loads and eannot be justified for heavy lifts 

Figure 823 shows another example of skillful ucilzation of this principle by a worker per- 
forming the “saddle toss” lift. 

Another mechanical variable should be integrated into the analysis of dynamic technique. 
‘The tissue property of viscoelasticity enables tissuesto sustain higher loads when loaded quickly 
(Gursteinand Frankel, 968). Troup (1977) suggested that viscoelasticity may be used to increase 
the margin of safety for spine injury during a higher strain rate but enutioned thatineomporating 
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ur 


Figure®.22__Liftingan awkwardly placed load stowly and smoathly, as common wisdom suggests, 
compromises the back. Rather, accelerating the torso fist and then transfecring the momentum to 
the load as the arms straighten can reduce the spine load. Accelerating the torso and the load at 
the same time is poor technique that violates this principle and causes higher spine loading. These 
photographs are irom an eaily experiment in the authors esearch career. 


Figure 8.23 This lit is tormed the “saddle 108s” by some; the load is swang with knee coniact, 
minimizing muscular force in the bock, 


this principle into lifting technique should depend on the rate of increase in spinal stress, the 
‘magnitude of peak stress, and its duration. Tissue viscoelasticity means that under faster load- 
ing the tissues do not have time to deform, even when the magnitude of the foree is high. Tn 
this way the critical levels of risue deformation required ta cause damage are not reached. ut 
ren variability in response to load rate among the tissues, and among individuals, no specific 
‘guidance pertaining to actual load rate can be offered here. 

he instruction to always lita load smoothly may not invariably result in the least risk of 
injury, Indeed, i is possible to skillfully transfer momentum to an awkwardly placed ubject ty 
yosition thelondclese tothe budy quickly and minimize the extensor torque required to support 
the load. In addition, tissue viscoelasticity ean be protective during higher load rates. Clearly, 
reducingthe extensor momentrequired to support the hand load is paramount in reducing therisk 
‘of injury; the best way to accomplish this isto keep the load as close to the body as possible 
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Is There Any Way to Make Seated Work Less Demanding 
on the Back? 


Prolonged sttingis problematic forthe hack: Unfortunately, cis factseems to be rather unknown 
in the occupational world. Those recovering from back injures who return to modified work 
are often given “light duties” that involve prolonged sitting, While such duties are perceived as 
being easy on the back, they ean be far from that. Even though the returning worker states that 
shecannot tolerate siting, hatin ficrshe would bemore comfortable walking and even lifing, 
sheis aceused of malingering. This is the result of a misunderstanding of sitting mechanics. 


Sitting Studies 
Epilemiologieal evidenes presence by Videmnan, Nurminen, and Thoup (1990) documented the 


increased risk of dise herniation in those wao perform sedentary jobs characterized by siting. 
Known mechanical changes associated with the seated posture include the followin 


+ Tnerease ia intradiscal pressure when compared to standing postures (Nacheinson, 1966) 

+ Tnereases in posterior annulus strain (Pope et a, 1977) 

+ Creep in posterior passive tissues (MeGill and Brown, 1992), which decreases anterior 
posterior stifness and increases shearing movement (Schult et al, 1979) 

+ Posterior migration ofthe mechanical fulcrum (Wikler & als, 1988), which reduces the 
‘mechanical advantage of the estensor musculature (resulting in increased compressive 
leading) 


‘These changes caused by prolonged sictiag have motivated occupational biomechanis 
artemnpting to reduce the risk of injury to consider the duration of siting asa risk factor wine 
designing seated work. A recentiy proposed guideline suggested a siting limit of 50 minutes 
‘without s break, although this proposal willbe tested and evaluated inthe future 


Strategies to Reduce Back Troubles 

During Prolonged Sitting 

We hve divalopsi « theee polar appibach fir nidhicny bk 
troubles associated with prolanged sitting: 


1, Useanergonamic chair, hituse it properly (very few actu- 
ally do). Many people think that they should adjust their 
chair to ereate the ideal siting posture. ‘Typically, they 
aujust the chair so that the hips and knees are bent to 90° 
and thetorso isupright (ee figure8.24). In fct this isoften 
sbown as the ideal posture in many ergonomic texts. This 
may be the ideal sitting posture, hut for no longer than 10) 
‘minutes! ‘issue loads must be migratel from tissue to 
tissue to minimize the risk of any single tissue’ accumu- 
lacing microtrauma. This is accomplished by changing 
posture. Thus, an ergonomic chair is one that facilitates 
easy posture changes over a variety of joint angles (see 
figure 8.25). Callaghan and MeGill 2001a) documented 
the range of spine postures that people typically adape 
avoid fatigue. Some have three or four preferred angles. 
‘The primary recommendation isto continually change the 


Figure 8.24 The “ideal siting posture’ stings om the cha: Many workers contimetobelieve that 


(O0" angles at the hips, Kees, and there isa 


de hest posture for siting and are reluctant 


elbows) described in most ergonomic to uy others. This is, of course, unfortunate, as the ideal 
guides. This is erroneous; the ideal sit- sitting posture isa variable one, Many employees need to 
{ing posure isonethat involves variable beeducated as to how to change their chairs and the variety 


postures. 


‘of postures that are posible 
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Redveing the Risk of Law Rack injury 


Figure 8.25 Good posture for prolonged sitting ie a variable one that migrates the internal losdé among, 


the various tissues, Poscible short-term siting posture options are chown, 


Get out of the chair. ‘There simply is no substirure for getting out of the chair. Some 
guidelines suggest performing exercise breaks while seated, and some even go as far 38 to 
st flexing the torso in a stretch, ‘This is both nonsense and disastrous! A rest break 
‘must consist of the opposite activity to reduce the imposed stressors. Extension relieves 
posterior annulus stress, but more flexion while seated increases it. The recommended 
break that we have developed involves standing from the chair anc maintaining relaved 
standing posture for 10 to 20 seconds. At this staze, some miay choose to perform neck 
rolls and arm windmills wo relieve neck and shoulder discomfort from their desk work. 
The main objectives t buysome time toallow redistribution of the nueleusand reduce 
annular stresses. The person then raises the armsover the head (se figure 826, a-<) and 
then pashes the hands upward to the ceiling. By inhaling deeply; one will fnd that the 
low back i fally extended, In this ways the person has taken the back through gentle and 
progressive umbar extension without having been taught lumbar position awareness or 
even understanding the concept. Some will argue that in thei jobsthey cannot stand and 
take break; they must continue their seated work, These people generally will need to 
be shown the opportunities for sanding, For example, they could choose to stand when 
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Figure 8.26 _Astrategy to thwart the accumulation of disc stresses from prolonged sitting i to (a) stand (note the forward 
antalgic posture often observed afer siting), (b) reach for the ceiling, stretch pushing the hands upward, and (ci then 
inhale deeply. This sequence when performed slowly causes a gentie and prngressive extension of the lumbar region and 
dispels the siesses of siting. 


the phone rings and speak standing. With these simple examples, they will soon see the 
‘opportunities to practice this part of good spine health, 

3. Perform an exercise routine at some time in the workday. Midday would be ideal, but 
first thing in the morning is unwise (ee the previous guideline). A good general hack 
‘routine is presented in the last section of this book. 


A couple of athletic examples may provide insight as well, Athletes who sit on the bench 
between plays (figure 8.27a) are often ill prepared for immediately resuming play (Green etal, 
2002), To help combat this problem, they should sit in taller chairs with angulated seat pans 
to reduce lumbar flexion (igure 8.274), and stand and sometimes pace appcorimately every 
20 minutes, In addition we question the many exercises performed ina seated position, which 
appears tn he for convenience rather than related to any scientific rationale 


Some Short-Answer Questions 


‘The following questions and their nsivers provide further guidance to reduee the risk of occu 
patonal LBD. 


* [sit advicable to maintain a reasonable level of fitness? As such 6 we would all like 
tw believe that higher levels of fitness are protective for low hack troubles, i is argued by some 
that the literature is not strongly supportive. This is for several reasons. Many clinical trials in 
which the iatervention was designed co enhance fitness actually chose exercises that inadve 

tently increased therisk of spine damage. For example, many assumed that enbancing abdominal 
ssrength was 2 good idea and addressed this goal by prescribing sit-up exercises. Sit-ups will 
damage the backs of most people; they will not ineresse back health, Pechaps this has acted as 
an arbfact biasing the literature, Interestingly enough, the most recent studies that have used 
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Figure 8.27 (a) Siting onthe bench witha flexed lumbar spine js problematic because it creates or exacerbates a posterior 
disc bulge (or hath), and it causes loss of the benefits nbiained fram warming, up the back. (b) Siting. in faller chairs with 
angled seat pans will help extend the hips and lumbar spine, 


biomechanical evidence 10 develop exercises—particulary stahilization exereixe—have shown 
them to he efficacious. In fat, a review of preventive interventions hy Linton and van Tulder 
(2001) suggests thar well-cheen exercise isthe most poworkil strategy for preventing ocei- 
ational back roubles. | stable spine maintained with healthy and wise motor patiems, along 
with higher masele endurance, is protective, 

* Should one lift or perform extreme torso bending shortly after rising from bed? he 
answer isno, Recall the biomechanics of daily changes in thespine as discussed in chapter 5:"The 
Aises are hydrophilic and imbibe fluid overnight. This is why people are taller in the morning 
than when they retie at night. This is alo why it is much more dificult to bend in the morn- 
ing to put one’s socks on compared to taking them off at night; the bending stresses are much 
Fiigher together with the risk of disc damage. This diurnal variation in spine length and the 
ability to Rex forward have heen well dacumented. As previously noted, Snook and colleagues 
(1008 found thu stestegy of rextricting forward 
in reducing symptoms ina group of back-troubled patient, 

© Should workers adopt a lifting strategy to recruit the lumbadorsal fascia or involve the 
{deal emer mechanism! Aste x page 95 chap thee mechs have en 
shown toe untenable proposals for sparing the back. While some still attempt to train workers 
1 invoke these strategies, they have little scientific support; in many cases such strategies will 
be detrimental 

* Should the trunk musculature e cocontracted to stabilize the spine? As note in chapter 
6 the answer is generally yes. On page97 in chapter 5, wenorcd that although such coactivation 
imperses some penalty on the pine, it is best for che spine to pay this price to enhance stiffness 
and resistance to buckling and to rehuce che risk of other unstable behavior, How much eocon- 
traction is necessary? As noted in chapter 6, in most tasks, sufficient stability is ensured with 
very modest amounts of ocantraction—somewhere in the magnitude of 3% to 10% of maximal 
voluntary contraction forthe abdorninal wall and other antagonists, Achieving added stiffness in 


lesion in the morning to be very effective 
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the spine through cocontraction will help preven injuries that ean otherwise result even during 
the lifing of « very light object, sneezing, or tying onc’s shoe. Of course, where there is the 
potential for surprise joading or handling nonrigid material or heavier hvatls, the eosctivatioa 
magnitudes must increase. Damaged joint tisaes also require higher levels of cocontraction to 
avoid unstable joint behavior. The necessary levels of eoactivation would depend specifically on 
the task and the history of the individaal, ‘Thus, light4y eocontracting the stabilizing muscala- 
ture upon exertion isa reasonable guideline; this should become automatic following stability 
training for those who do not naturally stifien. 


LBD Prevention for Employers 


Nor all prevention strategies can he implemented solely by workers, Employers, too, play a 
role, which is outlined here. 


* Provide protective clotbing to facilitate the least stressful postures. Workers sometimes 
handle material that is too noxious oF too hazardous to hold close to their bodies, For example, 
Thave been involved in cases in which workers held dirty material away from the body to kee 
their shirts clean, unnecessarily londing their backs, ‘The solution was to provide protective 
coveralls to spare workers’ hacks. Lesther aprons are helpful if he material is sharp to foster 
holding the load against the abdomen, as far sheet metal workers, for example, Knee pads are 
good for prolonged workon the ground. Onee theemployer hasprovided the necessary prosective 
lothing, workers will figure out the variety of working postures that can spare their backs, 


‘+ Should abdominal belts ke prescribed to manual materi- 
als bandlers? Chapter 9 contains a thorough discussion of this 
topic, 

+ Optimize containers and packaging of rae material to 
spare workers" backs, Ofen in the design of the industrial process, 
sparing the joints ofthe workersis no: considered, When consid- 
ering the industrial process, see if handled materials can be bulk 
containerized, Can raw material be handled in smaller bundles oF 
in bundles of different dimensions Sometimes the matter is as 
simpleascontacting the suppliers to find altenate ways of packag- 
ing material that foster handling in a way that conserves the body 
joints, The purchasing department playsa tole in reducing injary! 
Bins and containers with folding sides help if parts must he picked 
‘out of the hin 


incourage workers to practice lifting aud work or tsk 
‘nematic patterns. Some individuals simply do not move, bend, 
and work in waysthat spare their spines. In recent study (McGill et 
al., 2003), we noted chat workers who hada previous history of hack. 
troubles were more likely to adopt motion patterns that resulted 
in higher spine loads! Kinematic parterms need to be practicedanil 
sronved into movement reperttires, (Remember the expression 
quoted earlier: “Practice does not make perfect; it makes perm: 
nent.”) Some people must practice the spine-conserving motions 
every day—especally before attempting a particularly trenvons 
task. Even high-performance athletes must continually regroove 
motion patterns daily. Some worker groupshave attempted to fab- 
sicate their own job-specific taining and practice equipment. An 
example ofthis type of worker professialisis figure 
Figure 8.28 Nurses ata patient cae 8.28, which shows a dummy sitting in a wheelchair. Nurses Duilt 
facility fabricated this dummy to prac- the dummy trom plumbing pipes and use it to practice one- and 
tice their patient lifts—an example of two-person patient lft. hiss part ofthe worker professionalism 
‘worker professionalism. «ethic noted in the following section, 


shown i 
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+ Optimize worker rest breaks. A properly designed rest break consists of the opposite 
activity (and consequently the opposite loading) from that required by the job. For example, 
the sedentary secretary will be best served by-a dynamic rest breah. The welder, om the other 
hand, will be beter served with rest and perhaps » stretch. The following example illustrates 
a violation of this principle that caused grief. Back in the 196(s, operators in a power plant 
monitored the process from a chair and had to respond to 3 vigilance buzzer on their desk that 
vent off every 10 minutes (ee figure 8.29, 0), Ateach buzzer interal they would stand anid 
valk around the control panel makingadjustments. There wasno history of back troubles, The 
mom recently became obsolete and was replaced with an updated control room. The design 
team for the new control room believed that rising from the chaie every LO minutes was too 
strenuous, Consequently, the job was redesigned so thatthe operators were able to stay seated to 
perform all operations. These operstors worked 12-hour shilis. Having the workers sit for this 
perind of time (and removing the need to get out of the chair regularly) resulted in an increase 
in low back problems. ‘The power plant then hired a consulting group who recommended rest 
breaks that consisted of having the workers siton an exercise bike. The workers’ backs failed to 
improve because the consultants failed to understand thatthe rest break thust not exaccrbate 
‘or replicate the forces of the jab. In this eas, sitting om a bike was noc a break: from sitting on 
the job. 


+ Involve workers in the engonomtic process. Design teams often negleet t consult with 
the expert on a pariealar job—the worker who has done it for years, Quite often the worker 
knows of a good solution, and itis simply a macter of listening and facilitating the interven 
tion, An added benefit, psychologists claim, is that workers are more tikely wo comply with the 
intervention if they percetve themselves to bea major part ofthe solution, 

* Design work to be variable, As several previous examples have documented, accumala- 
tion of tissue stress is thwarted by a change in posture, loading, or activity. Human heings were 
ot mide to perform reperitive work that emphasizes only 4 few tissues, Nor were hnmans 
designed norto be stressed. Research has established that tissues adaptand remodel in response 
tw load (cg, bone: Carter, 1985; ligament: Woo, Gomez, and Akeson, 1985; disc: Porter, 19925 
vertebrae: Drinchmana, Biggemann, and Hitwex, 1989), Too litle activity can be ay problematic 
as t90 much, Krisiner and colleagues’ study 2001) strongly reinforces the ides so frequently 


Figure 8.29 


‘was too strenuous; the operators were abl to sit for hours. huge low tack problem emerged. 
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(2) The first control roam was builtin the 196Ds and required the operator to stand every 10 minutes to 
respond to the vigilance buzzer and make an adjustment to the anlog insttumentation, There were no reported back 
troubles, (b) This oom was replaced with 2 new layout based on the designers’ assumption that standing every 10 minutes 
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sated in this texe that the object of good work design is not to make every job easier: in fut, 
some jobs should he made more demanding for opritmal health. In the Krismer study, students 
who reported low back pain were distinguished from those who did not by several risk factors. 
“Two of those factors were 
~ watching TV or phying computer games more than 2 hours per day (sedentary) 
and 


regularly going beyond personal limits in spore ativities (too much fondling). 


Good occupational health from a musculoskeletal perspective isachieved when people perform 
avariety of tasks with well-designed rest activities, slong with allof the traditional components 
such as proper nutztion, sleep, avoidance of smoking, and so on. Design work to be variable! 

As illustrated in the previous examples and guidelines, management plays a role in reducing 
back troubles in workers, Itisa mistake to think that management does not need to understand 
the science wy justly specific injury prevention approaches. As we saw previous! insjary preve 
tion involves a thorough understanding of the industrial process, the way in which goods and 
rmaterialsare purchase, provision of procective equipment, appropriate training, consideration 
‘of the costs and benefits of intervention, and so forth, ‘Training of hoth workers and manage- 
ment ensures the best resus, 


Injury Prevention Primer 


“To use biomechanics to its full potential in injary prevention, workers and employers must 
have a reasonable understanding of the concepts as we understand them today. Workers must 
bre educated in the biomechanically justifiable principles described earlier using examples with 
which they are familia, Armed with the general principles, they can tackleany band devise the 
best joint-conserving strategies. The intention is to enhance the industrial process and enable 
vorkers to retire in good health, ‘The highlights of this chaprer are summarized here: 


+ First und foremost, design work and tasks that fucilitate variety. Perhaps the single 
‘most important guideline should be this: Don't do too much of any one thing. Bath too much 
and too little loading are detrimental 
~ ‘Tho mach of any single activity leads to trouble, Relief of cumulative tissue strains 
is accomplished with posture changes or, better yet, other tasks that have different 
musculoskeletal demands 
~ While the tasks of many jobs eannot be changed, the working routines and arrange- 
ment of tashs within a job ean be designed scientifically to ineorporate this principle. 
Sometimes tis as sy as continually changing the sitting posture. 

* During all loading tasks, avoid a fully flexed or bent spine and rotate the trunk using 
the bips (preserving a neutral curve in the spine). Doing this bas the following benefits: 
herniation cannot occur, 

~ Ligaments eannex be damaged as they are shack, 

~ ‘Theanterior shearing effect from ligament involvementis minimized, and the posterior 
supporting shear of the musculature is maximized. 

~ Compressive testing of lumbar motion units has shown fnereases in yolerancs with 
partial flexion but decreased! ability to withstand compressive load at fll flexion. 

* During lifting, choose « posture to minimize the reaction toryme on the lox back (either 
stoop or squat or sonsewbere in between), but keep the external load close to the body. 

= Aneutral spine is still maintained, but sometimes the load can be hrought closer to 
the spine with hent knees (squat lift) or relatively straight knees (teap lif). The key 
is to reduce the torque that has been shown to be a dominant risk factor, 

~ When exerting forve with the hands or shoulders, try to direct the line of the force 
through the low back. ‘his will reduce the reaction torque and the spine load from 
musole contraction. 
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Reducing the Risk of Low Back tjury 


+ Comider the transmissible vector: Attempt to direct external forces through the low 
hack, minimizing the momentarm, which causes high torquesand crushing musde forces, This 
principle should be applied as people use palling forces when opening a door, vacuuming, and 
performing other household chores. 

* Use techniques that minimize the actual weight of the load being handled. Tbe log- 
lifting example given in this chapter demonstrates how one can lift an entire log into the Lack 
‘ofa truck by lifting no more than half ofits weight at any point. 

+ Allow time for the dise nucleus to “equilibrate,” ligaments to regain stiffness, and the 
stress on the unnulas o equalize ajter prolonged flexion (e.g. sitting or stooping), and do noe 
inomediately perform strenuous exertions. 

~ After prolonged sitting or stooping, spend time standing, 

~ This principle can be adapted to many special jobs, but some workers do not have the 
usury of beingable to tke the time tallow the dise nucleus to equilibrate, For example, 
ambalanee drivers are often called on to lift heavy loads immesliately after Significant 
periods of driving. A strategy for them is to use a lumbar support in th 
driving to the incident so that their spines are not flexed. Thus it can be prepared for 
the load with minimal disc equilibration (part of the process of warm-p). 

*+ Avoid lifting or spine bending shorily after rising from bed. 

Forward-bending stresses on the dise and ligaments are higher after rising from bed 
compared with later in the day (at least 1 or 2 hours after rising), causing dises to 
become injured at lower levels of load and degree of bending. 

~ Thisprinciple isproblematie for some occupationssuch as firefighting in which workers 
are often aroused from sleep to attend a fire. Such workers should not sit in aslouched 
posture with the spine flexed when travelingtothe scene butrather st upright, In this 
way the spine will be best prepared for strenuous work without a warm-up. 

+ Prestress ened stabilize the spine cven dering light tasks. 

= Lightly cocontract the stabilizing musculature to remove the slack from the system 
and stifen the spine even during light tasks such as picking up a pencil. The exercises 
shown in chapter 12 were chosen to groove these motor pattems, 

= Mild eocontraetion and the corresponding increase in stability inerease the margin of 
safety of material failure of the column under axial load. 

+ Avoid twisting and the simultancous generation of high twisting torques. 

~ ‘Twisting reduces the intrinsic strength of the disc annulus by disabling some of its 
supporting fibers while increasing the stress in the remaining fibers under load 
Since there is no muscle designed to produce only axial torque, the collective ability 
oF the muscles to resist axial rque i limited, and they may not be able wo protect the 
spine in certain postures. The aldtional compressiveburden on the spine is substantial 
for even a low amount of axial torque production, 
= Generating twisting torque with the spine untwisted may not beas problematic, nor 
istwisting lightly without substantial torque. 

+ Ure momentum when exerting farce to reduce the spine load (rather than akways lifting 
slowly and smavothly, which is un ill-founded recommendation for many skilled workers). 

~ ‘Thisisa skill that sometimes need to be developed. 

~ ‘This strategy is dangerous for heavy Toads and should nox he used for lifting them. 

= Itiypossible thata wansfer of momentum frons the upper trunk 1o the load an stare 
moving an awkwaruly placed load without undue low back involvement. 

+ Avoid prolonged sitting. 

~ Prolonged sitting is associated with dise hemistion. 
~ When required to sit for long periods, adjust posture often, stand up atleast every 50 
minutes, extend the spine, and, if possible, walk for a few minutes. 
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~ Organize work to bresk up bouts of prolonged sitting into shorter periods that are 
better tolerated by the spine. 

* Consider the best rest break strategies, Customize this principle for different job dlas- 
Sications and demands. 

~ Workers engagedin sedentary workwould be best served by frequent, dynamic breaks 
to reduce tissue stress accumulation, 

~ Workers engaged in dynamic work may be better served with longer and more resol 
breaks. 

+ Provide protective clothing to faster joint-conserving postares. Provide coveralls or dirty 
material handling, heavy aprons farsharp metals, knee pads ior those who workear ground level, 
and soon, 

+ Practice joint-conserving kinematic movement patterns, Some workers need th constantly 
regroove motion patterns such as locking the lumbar spine when lifting and rotating about the 
hips. 

* Maintain a reasonable level of fitness. 

+ These guidelines muy be combined for special situations. Vor example, sovie people have 
tifficulty rolling over in bed when their backs ate painful. Nearly all can be wught to manage 
thelr pain and still accomplish this task by combining a momenturn transfer with the minimal 
twisting guidelines (see figure 8.50, a2. 


Figure 8.30 Rolling over in bed can be taught to those who meirvain that it is to painful an 
activity. The igure Mllustrares rolling from the left side to the right. (2) While lying on ane side, the 
patient braces the torso So that the spine does not twist inthe steps that follow. (6) Then the upper 
armand legare raised together with the lower am and leg prying off the floor. (c) This s performed 
‘quickly enough to generate mementur that will carry the patient through the roll, (d/ The patient 
should now be resting comfortably on the other side, 
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the Riko Louw Rack Injury 


A Note for Consultants 


Acting as a consafuant, 1 have 
ups. 


yy mistakes, some of which motivated the following 


+ Don't fallinte the trap of thinking that you are the expert and dhat you know whats best 
fir the workers (unless you have dane the job for years yoursel). Always consult the workee 
Successfl job incumbents have developed personal srategies for working that assis then in 
avovding fatigue and injury. Their insights are the result of thousands of Bours of performing 
the task, and they can be very pecceptve. ‘Try to accommodate them. 

* Do not take the instructions fora specific worker verbatim from the preceding Injury 
Prevention Primer. Instead, explain the relevant biomechanical principle in language and ter- 
rninology thatare fiiliar to the worker. 

* Do not focus only on the mast demanding tasks. Given the links among different tasks 
from a tissue load perspective, you can often obtain better solutions by considering the full 
complement of exposures. Ina similar vein, some consultants tend to feeus on + single metric 
‘of risk low-back compression, for example) orrely on only a few simple solutions, The average 
ergonomist prohably does not have the specific waning necessary to achieve the best solutions 
for low hack problems. Perhaps I am biased since in recent years Iam asked to consult only 
‘when consultants’ poorly conceived ergonomic approaches have filed, am requested to become 
involved when the company faces lawsiits or other isues tha have raised the stakes, Remember 
that many solutionsare neither simple nor unidimensional, reganiless af eur training. Use the 
Injury Prevention Primer asa cheeblist to evalsate whether potential exits for better snd snore 
‘comprehensive solutions. 

* Do notfocus exclusively on the musculoskeletal issue. Rather, ook forthe opportunities 

that lie in enhancing the industrial process, Any management board will recognize the worth 
‘ofa consulant who makes the process mare efficient, produces a higher-quality product, oF 
reduces injury compensation costs. 
* Movement is taught more effectively when it is considered a comple movement si 
Simply havingan espert” (Le.,yoursell) demonstrate more effective worktechniques will wually 
fail. Coaching the movement and motor patterns in an interactive sesion leads to performance 
enhancement and greater safety (sce MeGill, 2006, for a full verview of this process 

* Finally, never make a recommendation that is not feasible to implement, whether for 
monetary or any other reasons, 


Reducing the Risk in Athletes 


Athletes and tears from a variety of sporting ativities—from world-class professionals 
‘oamateurs—have sought my advice asa low back injury consuitant, many cases their 
bad backs were ending heir careers. But as we have seen in preceding chapters, success 
in dealing with bad backs requires eiforts to address both the cause of the troubles and 
the most appropriate rehabilitative therapy. In many cases, addressing the cause meant 
that athletes had to change their technique, Without exception, they had to change the 
way they trained. Their backs were breaking down for a reason! As loads applied to the 
body reach world-class levels, technique mus} be impeccable. Techniques for athletes are 
well covered in my other textbook, Ultimate Back Fitness and Performance (2006). 
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CHAPTER 9 


The Question 
of Back Belts 


is chapter will focus on occupational belt use (see figure 9.1, a; for the typical types of belts 


TW sttsexed) Render iecroced notes of ele arc oer Cloud ek vr 
and Performance (McGill, 2006), After reading this chapter, you will be able to make decisions 
‘on who should wear a belt and to justify the guidelines for their prescription and use. 


Issues of the Back Belt Question 


“The average patient must be confused when observing both Olympic athletes an back-injured 
people wearing ahdominal helts, Several years azo T conducted 4 review of the effecs of bele 
‘wearing (MeCill, 1993) and summarized my findings as follows 


“Those who have never had a previous buck injury appear to have no additional protective 
benefit from wearing a belt. 

Tr would appear that those who were injured while wearing 4 bele risk a more severe 
injury than iFbelts were not worn. 

Belts appear to give people the perception they can lift more and may infact enable therm 
to lit more, 

eles appear to increase intra-abdominal pressure and blood pressure. 
Belts appear wo change the lifting styles of some people w either decrease the loxds on 
the spine or increase the loads on the spine, 


Figure 9.1 Several types of belts are worn and have been teste the leather belt, (6) the inflatable cell bt, and 
(6) the stretch bel with suspenders are a few examples 
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In surnmary, given the assets andl liabilities of bele wearing, I do not recommend them for 
healthy individuals cither in routine work or in exercise participation. However, the temporary 
prescription of belts may help some individual workers return to work. 

‘Manufacturers of abdominal bels and lumbar supports continue to sell chem to industry in 
the absence of a regulatory requirement to conduct controlled clinical tals similar to those 
required of drugs and other medical devices. Many claims have been made as to how abdominal 
belts could reduce injury. For example, some have suggested that belts perform the following 
functions: 


+ Remind people to lift properly 
* Support shear loading: on the spine that results from the effect of gravity acting on the 
handheld load and mass of the upper body when the trunk is flexed 
+ Reduce compressiveloadingof the lumbar spine through the hydraulic action of increased 
intra-abdominal pressure associated with belt wearing 
+ Actas splint, reducing the range of motion and thereby decreasing the risk of injury 
+ Proside warmth to the lumbar region 
+ Enhance proprioception via pressure to increase the perception of stability 
+ Reduce muscular fatigue 
These ideas, among others, will be acressed in thischaprer. The following section addresses 
the science regarding the occupational nse of belts and concludes with evidence-hased guideline. 
The 1994 National Institute for Occupational Safety and Health (NIOSH) report, “Work- 
place Use of Back Belts," contained critical reviews ofa substantial number of scientific reports 
evaluating back belts. The report concluded that back belts do not prevent injuries among 
‘uninjured workers nor are they protective for those who have not been injured. While this is 
generally consistent with our position stated in 1993, my personal position on belt prescription 
is somewhat more moderate 


Scientific Studies 


In the following sections I have subdivided the scientific studies into clinical trials and those 
that examined biomechanical, psychophysical, and. physiological changes from belt wearing. 
Finally based on the evidence, [recommend guidelines for the prescription and use af belts in 


lusty 


Clinical Trials 


“Many clinical trials report in dhe literature were fraught with methodological problems and 
suffered from the absence of a matched contrel group, 1 posttrial follow-up, limited criall 
duration, and insufficient sample size. Asa result I will review only a few clinical trials in this 
chapter, while acknowledging the extreme dificulty in executing such trials. 


+ Walsh and Sebwares (1990) divided 81 wale warehouse workers into dhree groups 
= control group (a = 27) 
= A group that received + half-hour training session on lifting mechanics (# =27) 
= Agroup that received a I-hour raining session and wore low back orthoses while at 
‘work for the subsequent six months (n= 27) 


Instead of using more commen types of abdominal belts, this research group used orthoses, 
with bard platcs that were heat molded to the low back region of each individual. Given the 
concern that belt wearing was lypothesized to cause the ablominal muscles to weaken, the 
researchers measured the abdominal flexion scrength of the workers both before and after the 
<linical trial. ‘The control group and the training-only group showed no changes in ablominal 
flexor strength or any change in Jos. time from work. The third group, which received training 
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and wore the belts, showed no changes in abdominal flexor strength or accident rate but did 
show a decrease in lost time. However, the increased henefit appeared only to accrue to those 
workers who hada previous low back injury. Van Poppel and colleagues (1998) reached a similar 
conclusion in a study of 12 airline baggage handlers. 
+ Reddell and colleagues (1992) studies 612 baggage handlers who worked for a major 

airline. They divided the baggage handlers into four weatment groups: 

= control group (a = 248) 

= A group that received only a belt (x = 57) 

~ A group that received only 

~ A group that received both a belt and a 1-hour education session (7 = 57) 


hour back education session (w= 122) 


“The trial lasted eight months, and the belt used was a fabric weighnlifting belt 15 em (6in.) 
vide posteriorly and approximately 10 om (+ in.) wide anteriorly, The researchers noted no 
significant differencesamong treatment groups for total lumbar injury incident rate, lost work 
cays, or workers’ compensation rates. Although the lack of compliance by a significant number 
‘of subjects in the experimental group was cause for consideration, those who began wearing 
belts but discontinved their use had a higher lost-day case injury incident rate. in fact, 58% of 
‘workers belonging to the belt-wearing groups discontinued wearing belts before the end of the 
eight-month trial. Further, an increase in the number and severity oflumbar injaries occurred 
following the wal in those who previously wore belts 


* Mitchell und colleagues (1994) conducted a retrospective study administered to 1316 
workers who performed lifting activities in the military. While this study relied on self-reported 
physical expose and injury data over six years prior to the study, the authors did note that the 
‘costs of back injuries that occurred while workers were wearing a belt were substantially higher 
than the costs of injuries sustained while not wearing a belt. 

+ Kraus and colleagues (1996), in a widely reported study; surveyed the low back injury 
rates of nearly 36,000 employees of the Home Depot stores in California frem 1989 to 1994, 
During this study period the company implemented 1 mandatory back belt use policy. Injury 
rates were recorded. Even though the authors claim that belt wearing reduced the incidence 
of low back injury, analysis of the dati and methodology sugwests that a much more cautious 
interpretation may be warranted. The data show that while bele wearing reduced the risk in 
‘younger males and those older than 55 years, belt wearing appeared to increase the risk of low 
hack injury for men working longer shan four years by 27% (although the lange confidence 
interval required an even larger increase for statistical significance) and in men working less 
than one year: However, of greatest concern is the lack of scientific control to ferret out the true 
bbelt-wearing effect: There was no comparable non-belt-wearing group, whieh is critical given 
that the belt-wearing policy was not the soe intervention at Heme Depot. For example, over 
the peviod of the study, the company inereased the use of pallets and forklitis, installed mats 
for cashiers, implemented postaccident drug testing, and enhanced worker training. In fact, a 
‘conscious attempt was made to enhance safety in the corporate culture. This was a lange study, 
and the authors deserve credit for the massive data reduction and logistics. However, despite the 
title and claims that hack belts reduce low back injury, this uncontrolled study cannot answer 
the question about the effectiveness of bets 

+ iasvell and colleagues (2000), in response t the huge promotion of the Kraus and col- 
leagues (1996) paper by some interest groups and the study's methodological concerns, replicated 
Krausand colleagues’ work under the sponsorship of NIOSH. These researchers, howeves, used 
better scientific control in order to evaluate only the effect ofthe belts. Surveying over 13,873 
employees at newly opened stores of a major retailer, in which 89 stores required employees to 
‘wear belts and 7! stores had only voluntary use, they discovered that the belts failed 10 reduce 
the incidence of back injury claims ‘This study has more power than the Kraus study. 


In summary, difficulties in executing actinical trial areacknowledged. The Hawthome effect 
is a.concern, as itis difficult to present a true double-blind paradigm to workers since those 
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‘The Question of Back Belts 


who receive belts certainly know so, In addition, logistical constraints on duration, diversity in 
‘occupations, and sample size are problematic. However, the data reported inthe better-cxccuted 
inieal ial cannot support the notion of uni 

in manual handling of materials to reduce the risk of low back injury. Weak evidence suggests 
that those already injured may benefic from elts (or molded orthoses) with a reduced tisk of 
injury recurrence. However, evidence does not appear to support uninjured workers’ wearing 
belts to reduce the risk of injury; in fact, the risk of injury seems to increase during the period 
following a trial of belt wearing. Finally, some evidence Suggests that the cost of a back injury 
‘may be higher in workers who wear belts than in workers who do not. 


sval prescription of belts tall workers involved 


Biomechanical Studies 


Researchers who have studied the biomechanical issues of hele wearing have focused on spinal 
forces, intra-abdominal pressure (LAP), load, and range of motion, Themost informative stulies 
are reviewed in this section, 


JAP and Low Back Compressive Load 


Biomechanical studies have examined changes in low back kinematies and posture in addition 
to issues of specific tissue loading. Two studies in particular (Harman etal., 1989, and Lander, 
Hundley, and Simonton, 1992) suggested that wearing an abdominal belt can inerease the 
margin of sifety during repetitive lifting, Both of these papers reported ground reaction force 
and measured IAP while subjects repeatedly lifted barbells. Both reports observed an increase 

TAP in subjects who wore abdominal belts. These researchers assumed that TAP is 3 good 
indicator of spinal forces, which is highly contentious. Nonetheless, they assumed the higher 
recordings of [AP indicated an increase in low hack support that in their view justified the use 
‘of belts. Neither seudy measured or esleulated spinal loads. 

Several studies have questioned the hypothesized link between elevated LAP and reduesion 
in low back load, For example, using an analytical model and data collected from three sub- 
jects lifting various magnicudes of loads, MeGill and Norman (1987) noted that a buildup of 
IAP required adltional activation of the musculature in the abdominal wall, resulting in a net 
inctease in low back compressive load and nota net reduction of load, as researchers had pre- 
viously thought. In addition, Nachemson and colleagues (1986) published some experimental 
results that directly measured intradiscal pressure during the performance of Valsalva manewers, 
documenting that an increase in IAP increased, not decreased, the low back compressive load. 
‘Therefore, the conclusion that an increase in LAP dae to belt wearing reduces compressive load 
‘on the spine seems erroneons. In Fat, such an inerease may have no effector may even inerease 
the load on the spine. 


JAP and Low Back Muscles 


Several scudies ave put to rest che belief that IAP affects low back extensor activity. MeGill 
and colleagues (1990) examined IAP and myoelectric activity in the trunk musculature while 
‘sx male subjects performed various types of lifts either wearing or not wearing an abdominal 
belt astretch belt with lumbar suppor stays, Velcro tabs for cinching, and suspenders for when 
sabjects were not lifting). Wearing the belt increased IAP by approximately 20%. Further, the 
authors hypothesized that if belts were able to help support some of the low back extensor 
moment, one would expect to measure a reduction in extensor muscle activity. There was no 
‘change in activation levels ofthe low back extensors or in any of the abdominal muscles (rectus 
abdominis or obliques). 

Ina study that examined the effect of beks on muscle function, Reyna and colleagues (1995) 
examined 22 subjects for isometric ow back extensor strength and found belts provided no 
enhancement of function (although this study was only a four-day trial and did not examine the 
effects orera longer duration). 

Ciriello and Snook (1995) examined 13 men over a four-week period lifting 29 metric 
tonnes in + hours twice a week both with and without 1 belt. Median frequencies of the low 
hack electromyographic signal (which is sensitive to local muscle fatigue) were not modified by 
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the presence or absence of a hack belt strengthening the notion that belts do not significantly 
alleviate the loading of back extensor muscles. Once again, this tril was not conducted over a 
very long period of time, 


Belts and Range of Motion Restriction 


Jn 1986 Lantz and Schultz observed the kinematic range of lumbar motions in subjects wearing 
low back orthoses. While they studied corsets and braces rather than abdominal belts, they did 
report restrictions in the range of mosion, although the restricted motion was minimal in the 
flexion plane 

In another study McGill, Seguin, and Bennett (1994) tested flexibility and stiffness of the 
lumbar torsos of 20 maleand |S female adult subjects, both while they wore and did not wear a 
10 cam 4in) leather abdominal bet. The stiffness of the worso was significantly increased about 
the lateral bend and aaial wwist axes with wearing belts but not when subjects were rotated into 
full flexion, ‘Thus, these studies seem to indicate that abdominal belts help restriet the range 
‘of motion about the lateral bend and axial twist axes but do not have the same effect when the 
‘ors is forced in flexion, as in an industrial lifting situation. 

Posture of the lumbar spine is an important issue in injury prevention for several reasons. In 
particular, Adzms and Hatton (1988) showed thac the compressive strength of the lumbar spine 
decreases when yeople approach the end range of motion in flexion, Therefore if belts restrict 
the end range of motion, one would expect the risk of injury to be correspondingly decreased. 
While the splinting and stiffening action of belts occurs about the lateral bend and axial twist 
axes, stfiening ahout the flexion-estension avis sppears to he les. 

‘A more recant data see presented by Granaca, Marras, and Davis (1997) supports the notion 
that some helt styles are better in stifening che torso in the manner deseribed previously— 
namely, the taller clastic belts that span the pelvis to the rib eage. Furthermore, these authors 
also documented thaca rigid orthopedic belt generally increased the lfiing moment while the 
elastic belt generally reduced spinal load. Nevertheless, the authors noted a wide variety in sub 
ject response, (Some subjects experienced increased spinal loading with the elastic belt.) Even 
in well-controlled studies, belts appear to modulate lifting mechanesin some positive ways in 
some people and in negative ways in others 


Studies of Belts, Heart Rate, and Blood Pressure 


Hunter and colleagues (1989) monitored the blood pressure and heart rate of five males andone 
female performing desdlfts and one-srm bench presses and riding bicycles while wearing and 
not wearing a 10 cm (4 in.) weight belt. Subjecss were required to hold ina lifting pesturea load 
‘of 40% of their maximum weight in the deadlift for 2 minutes. The subjects were required to 
hireathe throughout the duration so that no Valsalva effet exeursed. During the lifting exerci 
blood pressure (up to 15 mmFig) and heart ravewere both significantly higher in subjects wearing 
belts. Given the relationship hetween elevated systolic blood pressure and an increased risk of 
seroke, Hunter and colleagues (1989) concladed that individuals who may have cardiovasealar 
system compromise are probably at greater risk when undertaking exercise while wearing back 
supports thin when not wearing them, 

Subsequent work conducted in our own laboratory (Raficz and McCill, 1996) investigated 
the blood pressure of 20 young men performing sedentary and very mild activities both with 
and without a belt. (The belt was the elastic type with suspenders and Velero tabs for cinching 
ar the front.) Wearing this type of industrial back belt significanely ineressed diastolic blood 
pressure during quiet sitting and standing both with and without a handheld weight, during 
a teank rotation task, and daring a squat lifting task. Evidence increasingly suggests that belts 
increase blood pressure! 

‘Over the past decade I have been asked to deliver lectures and participate i 
‘on the back belt ise. On several occasions occupational medicine personnel have approached 
‘me after hearing ofthe effects of belts on blood pressure and IAP and have expressed suspicions 
that long-term belt wearing at their particular workplace may possibly be linked with more inct- 
dents of varicose veins in the testicles, hemorrhoids, and hernias. As of this writing, there has 
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heen no scientific and systematic investigation of the validity ofthese suggestions, Raher than 
vait for strong scientific data to either lend support to these ideas or dismiss therm, it may be 
prudent 19 simply 

and prevalence of these pressure-related 
belt wearing. 

Additional studies have examined the effect of belt wearing on other physiological phenom- 
ena, Bobick and colleagues (2001) reported lower mean oxygen consumption while Parker and 
colleagues (2000) reported reductions in lung ventilation tidal volumesin groups with higher 
abdominal fat, but increased tidal volumes in groups with lower fat, Collectively these data 
‘vould have implications regarding lower work rates during belt wearing, or modulated lung 
function chat would impact performance, or both. Onee again, the effect of helt wearing appears 
‘to depend on the characteristics of the individual worker, making ir difficult to justify a single, 
‘universal bele-wearing policy or guideline 


Ke to 


rulers to assess whether they are indeed 


Psychophysical Studies 


Some have expressed concern thit wearing belts fosters an increased sense of security that may 
‘or may not be warranted. Studies based on the psychophysical paradigm allow workers to select 
weights that they can lit repeatedly using their own subjective perceptions of physical exer- 
tion. McCoy and colleagues (1988) examined 12 male college students while they repetitively 
lifted loads from floor to knuckle height at the rate of three lifts per minute for a duration of 
45 minutes, They repeated this lifting bout three times, once without a beltand once each with 
two different types of abdominal belts: a belt with a pump and air bladder posteriorly and the 
elasticstretch helt previously described in the McGill, Norman, and Sharratt (1990) study. After 
examining the various magnitudes of loads that subjects had selected to lift in the three condi= 
tions, the researchers noxed tha wearing belts increased the load that subjeets were willing to 
lit by approximately 19%, This evidence may lend some support to the theory that belss 
people a file sense of securit 


Summary of Prescription Guidelines 


My earliest report on back belts (McGill, 1993) presemted data and evidence thac neither com 
pletely supported nor condemned the wearing of abdominal belts for industrial workers, After 
more laboratory studies and fee trials, my position (which has been implemented by several 
governments und corporations) has not changed. 

Given the available literature, it would appear that the universal prescription of belts (ie. 
providing belts to all workers in an industrial operation) is not in the best interest of globally 
reducing both the risk of injury and compensation casts. Uninjured workers do not appear to 
enjoy any additional benefir from belt wearing and, in fact, may be exposing themselves to the 
skofa more severe injury iFthey were to hecome injured, Moreover, they may haye to enn 
front the problem of weiing themselves from the belt. However, ifsome individual workers 
perceive a henefit from hele wearing, they should he allowed go wear a belt conditionally but 
‘only on tial, ‘The mandatory conditions for prescription (For which there should be no-excep- 
tion) areas follows: 
en the Concerns regarding increased blood pressure and heart rate and issues of liabil- 

ity all candidates for bele wearing should be sereened for cardiovascular risk by medical 
personnel, 

+ Given the concem that helt wearing may provide a fale sense of security, belt wearers 
must receive edueation on lifting mechanies (back school). All 00 oRen, belts are being 
promoted to industry asa quick fis to the injury problem, Promotion of belts, conducted 
in this way, is detrimental to the goal of reducing injury as i relies the focus from 
the cause of the injury. Education programs should include information on how tissues 
become injured, techniques to minimize musculoskeletal loading, and what to doatout 
feelings of disenmtort 10 avoid disabling injury: 
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Consukants and clinicians should not prescribe belts until they have conducted a fall 
ergonomic assessment ofthe individual’ job. The ergonomic approach should examine 
and attempt co correct the cause of the musculoskeletal overload and provide solutions 
to reduce the excessive loads, In this way, belts should only be used as a supplement for 
afew individuals, white a greater plantwide emphasis should be on the development of 
a comprehensive ergonomics program. 
Belts should not he considered for long-term use. The objective of any small-sale ele 
rogram should be to wean workers from the belts by insisting on mandatory participation 
in comprehensive mess programs and edueation on lifting mechanics, combined with 
ergonomic assessment. Furthermore, consultants would be wise to continue vigilance in 
‘monitoring former belt wearers for a period of time following belt wearing, given that 
this period appears t be characterized by an elevated risk of injury. 
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CHAPTER 10 


Building Better 
Rehabilitation Programs 
for Low Back Injuries 


Tice pstmt inthis book supp ths eabishmentof pine salty fs flowed 
(sometimes) by spine mobility in some back-injured patients. Although a small proportion 
Cf patients need mobilizing'ina local spinal rezion first, most patients—from those looking for 
functional enhancement and pain relief to athletes seeking performance enhancement—henefit 
from stabilizing the spine first. In fact, once stability is established and the pain resolves, many 
patienss find that their mobility returns with no farther inte 

Many people develop bad backs because of movement flaws. Lifting even extremely heavy 
loads can be accomplished safely by athletes who have perfect form. But movement flaws cause 
repeated or prolonged loading that is abnormal for the tissue, so it slowly becomes painful, 
‘helpful analogy is as follows: If you were to hit your thumb lightly, buc repeatedly, with a 
hammer, it would eventually become very painful, ln fact, soon the slightest touch would cause 
pain. ‘This symptom magnification oceurs because the tisues are hypersenstized—not because 
‘of psychosocial modulators. The tissues are continually “hit with the hammer” because of the 
aberrant motion and motor patterns, Part ofthe stabilization approach is to correct the aber- 
rant patterns to literally *take the hammer away.” ‘Then the tissues become less sensitized, the 
repertoire of pain-free tasks increases, and motion returns, This is why itis essential to perform 
therapeutic exercise pain free. Presence of pain also leads to various substitution patterns as 
the spine literally learns to “limp.” These must be enrsected, and require pain-free motion. So, 
don't worry about the concept of restoring function too soon. This retards progress, Address 
the painful tissues and then work on function, 

Evidence presented throughout this book is unanimous: A spine doesnot behave like a knee 
fr shoulder, and approaches that work with these joints are often not effective for back therapy. 
Loading throughout the range of mocion—which works well for joints i the extrernities—is 
the nemesis of many backs, at east in the early stages of rehabilitation. During this period, 
training for strength is usually counterproductive, Unfortunately, the principles used in body- 
building pervade rehabilitation “clinical wisdom.” This approach hyperttephies muscle at the 
expense of developing functional motor and motion patterns needed for oprimal health, In this 
chapter several general recommendations to maximize the chance for suecessfal rehabiftation 
are discuss, followed by considerations ofthe sages of patient progression and guidelines for 
seveloping the best exercise regimen for each patient 


Our Five-Stage Back Training Program 


Wehave developed a five-stage approach to back training that begins with our identifying faulty 
movement pattems and ends with the patient’ achieving ultimate athletic performance read 
ness, Consiler this the “large picture,” as only athletes and people who periorm demanding 


Copyrighted Material 


Building Rotter Rehahlitation Programs fe 


Copyrighted Material 


Injuries 167 


tasks will complete all five stages, However it is important to understand the components and 
cbjectives of exch stage; together with their order. For example, patients may be unknowingly 
following a strengthening regimen (sage 4) without having successfully addressed perturbed 


‘motion patterns (stage 1). Doing so will delay their recovery 
approaching the program, one must first ask, Is the abject 


irmake them worse aff, So when 
pain reduction and rehabilitation 


of problems or isi athletic performance? Health objeetives demand a focus on motion and 
rotor patterns, stability and endurance to achieve low tissue loads and a low-riskenvironment, 
Performance requites moreoverload, with an elevated risk naturally oceurring, The trick in that 


case 


isto stay within the “lowest risk posible.” 


‘While five major stages are listed here, only the first three stages are appropriate for reha~ 
tilitation and are addressed in this book. Rigorous strength, speed, and power training is only 
for those interested in enhancing these atributes. They are not neederl forthe sverage person to 


baw 


good back health. I have addressed this moreadvanced athletic trainingin derail inmy book. 


Ubimate Back Fimnes and Perfirmunce (2006), Here isa summary ofall five training stages: 


Stage 1: Groove motion patterns, motor patterns, and coerective exercise 
= Identify perturbed pattems and develop appropriate corrective exercise, 
~ Aaldress basic movement patterns through to comples-ativity specific paterns, 


Address basic halance challenges through to complex and specific balance environ. 


Stage 2: Huild whole-body and joint stability focus on spine stability here). 
~ Build seabitity while sparing the joints 

nsure sufficient stability commensurate to the demands ofthe task. 

= ‘Transfer the patterns into application daring cay setvities. 

Stage 3: Increase endurance 

~ Address basic endurance training wo ensure the capacity needed for stabilization, 
~ Address activity-specific endurance (duration, intensity). 

~ Build the hase for eventual performance training (only in those with this goal). 
Stage 4: Build strength, 

Spare the joints while maximizing neuromuscular compartment challenge. 

age 5: Develop speed, power, agility. 

~ Develop ultimate performance with the foundation Jad in stages 1 through +, 

~ Foeus on optimizing elastic energy storage and recovery. 

~ Employ the techniques of superstiffnes 


Tryou master the firse three stages, which are discussed in this chupter, you will understand how 
t get bail backs to respond and how to develop better rehabilitation programs. 


Finding the Best Approach 


inthe wide variety oflow back patients, one cannot expect to be successful in low back reha- 


Uiltasion by treating everyone with the same cookbook progeam. The following strategies will 
help guide clinical decisions to individualize—and thus optmize—she rehabilitation program. 


+ Train for bealth versus performance. The notion thatathletesare healkhy is generally « 


rmyth, at least from a musculoskeletal point of view. Training for supetior athletic performan 
tdemands substantial ovesdoutl of dhe muscles al tissues ofthe joints. An elevated risk of injury 


dated with athletic raining and performance. Unfortunatly, many patients observe the 


routines used by athletesto enhance performance and wrongly conclude that copying them will 


help 


their awn backs. ‘raining for health requires quite a different philosophy; it emphasizes 


muscle endurance, motar control periection, and the maintenance of sufficient spine stability 
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inall expected tasks, While strength is not a targeted goul, strength gains do result, Ifa patient 
with back pain states that her objective is to play tennis or golf, then she has the wrong short 
terin objective. foremost the objective is to eliminate pain. ‘Then he objective may 
shife toward a performance objective such 2s participation in 2 specific sporting activity 

* Integrate prevention and rebabilitation approaches. The best therapy rigorously fol- 
lowed will not produce results ifthe cause of the back troublesis not addressed. PartII provided 
fquidelines for reducing the risk of back troubles: Removing the source that exacerbates tissue 
‘overload cannot be overstresed. Linton and van Tulder 2001) demonstrated the eificacy of 
exercise for prevention; exercise satisfies the objective for both better prevention and rehabili- 
tution outcome. First, teach patients what is eausing their troubles; then work: with them to 
cfimvinate the eavse. 

* Establish a slow, continuous iroprovement in function and pain reduction. ‘The ceturn 
‘of function and reduction of pain, particularly forthe chronic bad back, isa slow process. The 
typical pattern of recovery is akin to the stock market pricing history. Daily, and even weekly, 
price fluctuations eventually result in higher prices. Patients have good daysani had days. Many 
times lawvers have hired private investigators to make candestine videos of back-troubled people 
performing tasksthat appear inconsistent. [am hired to provide comment. Some of these people 
are true malingerers and get caught. Others are simply having a good day on the day they are 
Nideoraped. I se all sorts of movement pathology consistent with their chronic history, and they 
are exonerated 

+ Have the pucient keep a journal of daily activities. Docamenning daily back pain and 

stiffness is essential in identifying the link with mechanical scenarios that exacerbate the troubles. 
Tivo critical components should be recorded ina daily journal: how the back eelsand what tasks 
and activities were performed. When patients encounter repeated setbacks, they should try to 
identify 1 common task or activity that preceded the trouble. Likewise, even when progress is 
slow, patients will he encouraged to see some progress nonetheless, Without referring to the 
any, patients sometimes do not realize they are improving. 

* Ensure the “positive slope” in progress. Chapters 12 and 13 introduce the “big three” 
exercises in different forms. We designed these exereisesto spare the spine of large loads and to 
groove subilizing motor patterns. Use the three wo establish a positive slope in patient improve- 
rent Once the slope is established, you may choose to add new exercises one ata time, The 
patient may tolerate some exercises well and others not so well. Ifthe improvement slope is 
lost after adding a new activity, remove it, go back to the big three, and reestablish the pos 
tive slope. Ifthe patient requires advanced objectives for athletic performance, perhaps spine 
mobility, you may add exercises to achieve such objectives ater establishing the positive slope. 
ue long should each stage be? ‘There is no singe answer forall backs. Some will progress 
while others will require great patience, Thisis the job of the clinician—to determine 
The licial Galena io ihige beoprem aod earns he allege wiordiale din keea te 
patient motivated, even curing periods of no apparent progress. The great cliniciansblend keen 
nical skills and experience with scientifically founded guidelines and knowledge. 

+ Determine whether the patient is willing to make a change. Obviously, the patient must 
‘ange the current patterns that caused him to become a buck patient This will require moti- 
vation, which is not always easy t0 establish. Others have listed the importance of and steps in 
developing a change in motivation and atttude (eg, Ranney, 1977). Briefly, sucha program begins 
with the setting of goas—for example, returning to a specific ob or partaking ina leisure activity, 
‘The employer’ role in enhancing motivation is to ensure that modified work is wsilable together 
vith the opportunity for graduated return to duty. Employers can also playa role in motivation by 
fostering a culture in which worker success equates to company success, which in tur helps the 
worker. The second step in a motivation program is to formulate realistic plan for reaching 
the gon! established in the frst step. Iris beyond the mandate ofthis book: to develop the com 
ponents of maintaining and enhancing motivaticinal opportunities at each stage of recovery. 

* Determine wbetber the patient needs initial mobilization, While everyone shouldincor- 
porate pine stabilization exercises into daily activity, there isa small group who will benefit from 
some directed soft tissue work. This may include manipulation, trigger point therapy, Active 
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Release Therapy, the use of foam rollers, and so on. These techniques are not the focus of this 
book. A word of caution is required here. Too many make the mistake of trying to mobilize a 
painful spine region that already has mobility. Nonetheless there is good evidence that those 
with documented hypomobility may benefit from some initial manipulation or mobilization 
vith a transition into stabilization waining (Fritz atal, 2005). 

* Consider other soft tissue treatments, Patients often present with local muscle spasmsand 
“odd-feeling” local mascle texture as perceived by a good manual medicine clinician, Further, 
these spasms and local neurocmpartment disorders are associated with larger dysfunctions of 
the agonist and synergise muscles involved in a movement. In many eases these dysfunctions 
delay recovery or prevent complete recovery. Clinicians usea variety of softtissue treatments to 
remove spasm and release the tissues that ean impede attaining more normal muscular and joint 
fanction, Documenting them is beyoud the seope ofthis book, The reader is simply alerted to 
their potential significance and role in rehabilitation, 

* Avoid spine power: Spine power is the product of velocity and force (pawer = force 
velocity). This means that the spine is bending. quic¥ly and there is velocity in the muscles’ 
Iengthening and shortening, ‘Techniques that involve high velocity in the spine have been shown 
to lead to back troubles, as they usually indicate high power (Marras et al, 1993: Stevenson et 
al, 2001), To minimize power and maximize safety, the forces transmitted through the trank 
‘must be low if the spine is moving. Ifthe forees transmitted through the trunk are high, then 
the velocity mast be low. The power must be generated at the hips and shoulders and be trans 
mitted through an isometrcally stabilized torso, Fortunately this fundamental tenet for safety 
also helps to maximize performance 


Stages of Patient Progression 


Before we can undertake to remove the activities thar exacerbate low back troubles, we must 
determine what they are. This s a crucial parc of the rehabilitation process. Uncovering the activ: 
tiesthat cause back troubles begins with a patient interview, Some clinicians perform provocative 
‘esting at this ime as well. The next chapter thoroughly discusses how to interview and test the 
patient. Once this has been done, the rehabilitation can proceed, The clinician may choose to 
‘overlap the stages invelved in this process or conduct them in parallel, Atall times, however, the 
“objective isto establish and maintain the positive slope of continual improvement. 


Stage 1: Detect and Correct Perturbed Motion 
and Motor Patterns 


Some people are very “body aware” and are able to adopt a neutral spine or a flexed spine on 
‘command, Others can be frustratingly chicles. 


Distinguish Hip Flexion From Lumbar Hexion 
“The initial objective of this stage isto have the patient consciously separate hip rotation from 
lumbar motion when flexing the torso. For the more dificult cases we typically begin by dem- 
‘onstating on ourselves lumbar flexion versus rotation about the hips. Other technigues that we 
have found particularly helpful are as follows 


+ Have your patient place one handon the tammy while placing the other over the lumbar 
sarface. This way the patient can feel whether the spine is lacked and motion is occurring about 
the hips (see figure 10.10), 
Sometimes patients are receptive to heing coached while using a practice load. ‘The 
dummy constructed by nurses to help them rehearse proper patient lifting and shown in figure 
8.28 on page 152 isan example of such a practice load. 

* Other patients respond well to photos of people correctly doing tasks that they will also 
be called on to do in the course of their jobs or their everyday activities. Figure 102, a and &, 
shows examples of such photos. 
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Figure 10.1 For people who arenat “body aware” and are unable to adapt a neural or a flexed 
spine on command, we suggest (2) rehearsing the spine-neutral position and hip (not lumbar) slexion 
‘while doing knee bens before (b) exertion, such as lifting this typical Canadian household item. 


Figure 10.2 Sometimes patients are receptive to task-specific illustrations showing spine and hip postures. (a) A rescue 
‘worker is applying a pulling force fo the victim with the spine flexed. Discussion with ihe patient of this flexed spine pos- 
ture together with one that would better spare the spine is very helpful. (b) Also discussed are exercise postures such as 
the neutral lumbar posture adopted by this patient perfoming cable pulls 


* Before (incorrect) and after (correct) photos, such as thove in Figure 10.3, a through d, 
‘ean be especially helpful 

* Yet another technique is to place a stick along the spine with the instruction to flex the 
‘torso forward using the hips hut maintain contact with the stick ever the length of the spine 
(Gee figure 104, a-d. While this hegins in the clinic, other, more compler henuling tasks ean 
also help groove these patterns into the general motion patterns used in work ancl ather daily 
activities 

* When all ofthese attemprs fail, we resort to the final technique: having the patient per- 
form the“midnight movement” (rolling the pelv's)—thisis lumbar motion. Interestingly some 


Copyrighted Material 


Copyrighted Material 


Figure 10.3 Workers relate to tasks with which they are familiar. These photos are helpful for con 
struction workers, especially since they can readily see the difference between the (a,c) incorrect 
and (b, d) conect spine postures. 


a 6 


Figure 10.4 Placing a stick along the spine with the instruction to flex forward bur maintain contact with the stick over 
the length of the spine will help patients separate hip rotation from lumbar motion when flexing the torso. Examples of 
‘motions that can bee used are (a) sagital plane symmetric Its, (b) various three-cimensional cable pull exercises, and (c) 
specific work tasks that are famifiar to the patient. 
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patients who found sex painful never associated pelvis tilting with lumbar flexion (see Figure 
10.5, a). Pointingthis outro them often facilitates theirmaking the next leapin spine position 
awareness and in being able to avoid these painful motions and postures. 

‘Once you begin tw see that any oF several of the techniques just listed are helping these 
“iticule” patients learn how to achieve and maintain neutral spine position during their daily 
activites, you may have them attempt some tasks 10 see ifthe concept of the neutral spine 1s 
biecoming ingrained. One such task sto take the spine stick and ask the patient to knock down 
an imaginary spider web in an overhead comer ofthe room. If he loses the lambar neutral pos- 
‘ture, point his out to him so he can correct it. Obviously you should continue spine position 
awareness training with such a patient. 

Some people have a very difficult time remembering the protective neutral spine pattern, 
We tell these types of patients to 


stop before an exertion (perhaps prior to lifting a household item), 
- place the hands on the tummy’ and lumbar region, 
= practice afew knee bends with the motion about the hips and not the kumar spine, and 
4 then perform the lif, 


This practice is effective for many people, 
Teach Locking the Rib Cage Onto the Pelvis 


Forrmny individuals, learning to lock the rib cage on the pelvis is essential for injury prevention 
and for performanc>—though of course noc forall. We have developed a teaching progression 
thatis effective for most patients and thatis fully explained in chapter 12 (page 221).’The motion 
pattern should be accompanied by the abdominal brave motor pattera Gee figure 10.6). More 
athletic versions ofthe progression are detailed in McGill 2000). 


Distinguish Abdominal Bracing From Abdominal Hollowing 


Maintaining a mild contriction ofthe abdominal wallean also help ensure sufficient spine stabil 
this maneuver is called abdominal hollowing in many back care circles, but we prefer to avoid 
‘that terminology, as it suggests to most people either pulling in or puffing out the abdominal 


° @ 


Figure 105 Allowing the patientto jee! spine (a) ilexion and (b) extension helps them to eliminate these from the squt- 
ing motion, Others "get it” by (c) adopting the shorsiop “ready position” and then (d) standing up. 
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Figure 10.6 (2, 6) The wall ral begins with the patient inthe plank” with both elbows planted on the wall. Focus is on 
spine and hip motion, generally adjusting the spine and hip posture to shiff the pelvis toward the wall in order to find the: 
“ayeet spot” in spine position with minimal pain. (c) The abdominal muscles are braced and the rib cage Is “locked” on 
the pelvis. The patient pivots on the halls of the fect, pulling ane elbow off the wall, No spine mation is permited. These 
Corrections are repeated until the patient can control their spine and eliminate pain. 


vall, When the contraction is performed correctly, no geometric change at all oecurs in the 
abdominal wall. In other words, rather than “hollowing or drawing in” the abdominal wall, the 
patient simply activates the muscles to make them stiff, We call this contraction “abdominal 
bracing," or “siffening,” whereas when we speak of abdorninal hollowing, we are referring to 
the palling in of the abdominal wall, discussed in more detail next. 

Some confusion estsin the interpretation ofthe literature regarding the isue of abdominal 
hollowing and ahdominal bracing. Richardson's group observed thar the hollowing (see figure 
10.7a)of the ahdorninal wal reeraits the cransverse abdominis, On theother hand, an isometric 
abdominal hrace (see figure 10.76) conetivates the transverse abdaminis with the external and 
internal obliques to ensure stability in virtually all modes of possible instability Quker et al, 
1998). Note that in bracing, the wall is neither hollowed in nor pushed out. Bracing also sta 
bilizes the spine in bending and twisting challenges, whereas hollowing does not. In this wa 
abglominal bracing is superior to abdominal hollowing in ensuring stability. With this background, 
Richardson and colleagues (1999) suggested that the recruitment of transverse abclominis is 
impaired following injury. This idea remains controversial as some others have either not been 
able to rephcate these results im people with back pain on both sides ofthe torso, or have found 
‘opposite results, Nonetheless, the group developed a therapy program designed to reeducate 
the motor system to activate transverse abdominis ina normal way in low back disorder (LBD) 
patients. This was the basis for hollowing; however, hollowing does nat ensure stability. Some 
linical practitioners may have misintespreted Richardson's work to suggest that abdominal hol- 
Towing should he recommended to patients who require enkanced stability in order to perform 
thily sctvities. ‘This is misguided, Abdominal bracing, which activates the three layers of the 
abdominal wall external oblique, inemol oblique, transverse abdomainis) with no “drawing in,” 

001; 


rmuich more effeerive than abdorninal hollowing at enhancing spine stabiliey (MeCi 
Grenice and McGill, 2007, Brown ct alin press). 

Tivo mechanisms can shed! some fight on this issue of hollowing versus bracing. Fist, the 
supporting “guy wires” are more effective when they have a wider base (see figure 10.8, 4-0, 
thats, when the abdomen is not hollowed. Second, the obliques must be active to provide stiff- 
ness with crisserossing struts, which measurably enhances stability. Bracing enhances oblique 
activity while hollowing inhibitsit. ‘The lumbar torso must prepare to withstand all manner of 
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Figure 10.7 _ (a) Hollowinginvolves the sucking in ofthe abdomen to activate transverse abdomi- 
nis, (6) On the ether hand, the abdominal brace activates the three layers ofthe abdominal wall 
{extemal oblique, internal oblique, transverse abdominis), with no “drawing in.” 


\ 


eee ers 


Hollowing 


Figure 10.8 (a) Hollowing the muscles reduces the size of the base of the guy wires, together with the incidence angle 
where they attach 10 the spine. (b) This inherently reduces their contibution fo spine siifness in various modes, which, 
‘compromises spine stability () Bracing assiss in keeping a wide base lo the guy wires and recuits the oblique muscle 10 
supply cress-bracing struts for stability in all axes, 


posible loads, including steady-state loading (which may be a complex combination of flesion- 
extension, lateral bend, and exialtwistingg moments) and sudden, unexpected complex loads 
together with loads that develop fiom planned hnallistic motion, Stifiness is required! in every 
rotition and translation asiso climinate the possibility of unsable behavior. Theablaminal brace 
enisures sufficient stability using the oblique cross-bracing, although high levelsof eacontraction| 
are rarely required—probably about 5% maximal voluntary contraction (MVC) cocontracsion 
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‘of the abdominal wall during daily activities and up to 10% MVC during rigorous activity. The 
patient must match the level of contraction to the needed stability—there i no need ta ens 
the spine with overvontraction, 

‘A quantitative comparison of the hollow and the brace is clearly seen in an individual 
scanding upright with loads in the hands, Simply hollowing can cause the stability index to, 
drop to low levels or even negative levels, which indicates the possbility of instability (see 
figure 10.9). Bracing increases the positive stability index value. The subject in these figures 
is typical in that even though the hollow was taught to target the transverse abslominis, 
all abdominal muscles were activated when measured. Thus scability was created while 
attempting “hollowing” although true bracing is superior tocreate lumbar stability, Ifa true 
“hollow” is accomplished with just the transverse abdominis, as simulated in figure 10.9%, 
ability is low compared to that with a brace where the shree layers of she abdominal wall 
reactivated. Simply hollowing causes the stability index to drop to negative levels when the 
load is plicod in the honds, compressing the spine. A negative value indicates that instability 
ible. In contrast, bracing maintzins « positive stability index value, eliminating the 
possibility for buckling. 


x08 Abdominal holowing vs. ebgominal bracing 


‘Stabity index (red) 


‘Simulated abcominal hollowing vs, abdominal bracing 


+0 


Data frames 


Figure 10.9 (2) An example comparing the hollow with the brace (higher stability) in an individual sianding upright, 
aims atthe sides, wth loads placed in the hands, The problem for patient isthat solating transverse abdominiss virtually 
‘impossible, (b) A “pertect” hollow \vas created with simulation and shown to be significantly inferior to the brace, 
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Teach Abdominal Bracing 


Generally, to demonstrate abdominal bracing to the patient, we stiffen 
one of oar own joints, suchasan elbow, by simultaneously activating 
the flexors and extensors. The patient then palpates the joint both 
before and after we stiffen it. Then we ask the patient to attempt to 
stiffen her own jaint through simultaneous activation of Resor and 
extensors, Once she can suecessflly stiffen various peripheral joints, 
swe demonstrate (again on ouryelyes, with patientpalpation) the same 
technique in the torso, achieving abdominal bracing. Finally, we again 
ask her w replicate the technique in her own torso, Occasionally, we 
use porableeleewomyoyraphie EMG) monitor so the patient ean 
learn through biofeedhack what, for example, 5%, 10%, or 80% of 
maximum contraction feels hke (see figure 10,10}. We use similar 
devices to teach patients how to maintain the contraction while on & 
wobble boord and in functional situations such as when picking up a 
child, getting on and off the toilet, and getting in and out of cars, 
Given our research on the importance of spine position awareness 
to spare the spine and our experience in teaching positioning, we 
hheeame interested in proprioceptive taining for the hack. The fact 
that very litle evidence was available to validate the use of proprio- 
ceptive rehabilitation forthe lumbar spine motivated our recent work 
fn spine proprioception (Preuss etal, 2005). The purpose of this 
work was to quantify theeficets ofa sis-weck rehabilitation program 
designed coimmprove lumbar spine position sense and sitting balance. 


devices ate an economical way 19 Twelve subjects with 3 previous history of low back pain were evenly 
providefeedbackto the patientregard~—gplit intoa training group and a control group, Subjects in the contral 


dh 


Mental Imagery. 


ing thew of abdominal aciaton gray receive nerventin, le the sje the ating 


fom standing on a wobble board 10 
getting into a car. 


ial ask, 


‘group received a 20-minute rehabilitation session three times per 
‘week emphasizing spine stabilization exercises with a neutral spine. 
Lumbar spine repositioning error in four-point kneeling and siting 
balance for the training group showed significant improvement over the study. This small but 
inivial study clemanstrated that proprioception and position awareness in the humhar spine ean 
Improve through active rehabilitation, 


‘The use of mental imagery is helpful for both spine postion and muscle activation awareness. Following is a 
general protocol that we have adapted from the imagery literature for use with spyne training, 


1 


2 


Focus on feeling the surface under the (eet or buttocks. Whatever body part is touching 2 surface, be 
aware of the sensation, 

Practice simple motiors such as iightening and then relaxing specie muscles in diferent areas of the 
body. Then graduate to performing the abdominal brace. 

Polpate, and have the patient self-palpate, the muscle involved while he is attempting to tighten and 
relax it. Sometimes a full-body mirror is helpful. The focus for the patient is on the specilic muscleis) 
involved, 


Perform motions slowly, chunking them into segments and sequences; then visualize the total motion. 


For example, beginning with a simple task such as a forward reach, visualize the nauiral spine, then 
activating th extensors and the bracing abdominal muscles, and finally the motion sbeut the hips, 


. Practice the imagery independent of physical action. Of course, the patient will have already been suc- 


cessful in learning spine position awareness, proper muscle conirol, and desirable mation patterns. 


Sear: Kaliyn McC, sparpyehabgy cnsutan 
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Build Squat Patterns 


‘Agooil back needs healthy gluteal muscle function, while Function demands balanced hip power 
about each axis, This section describes some hip motor patterns that inhibit spine-sparing pat- 
terms, together with documenting several training progressions to address them. 

‘The erassed-pelvis syndrome isa term given to the condition in which the gluteal complex 
appears tn he inhibited daring squatting parterns; this syndrome is very common in those with 
history of ack trebles (together with some others as well). Interestingly, we still do now know 
ifthe crossed-pelvis syndrome exists prior to back troubles or is « consequence of having them. 
‘Nonetheless, the syndrome is noticeable in many paticats referred to our esearch clinic. This 
results in two concerns. First, those wit aberrant gluteal putterns cannot spare their backs 
during squatting pasterns since they use the hamstrings and erectorspinae wo drive the extension 
motion. Subsequently the erector spinae imposes unnecessary lozdson the himbar spine, In this 
vay, healthy ghuteal patterns are needed to spare the back. Secon, itis impossible to rebuild 
‘optimal sjuat performance, either for strength or hip extensor power, without well-intezrited 
hip extensor patterns. n fact the faiure of many people to properly rehabilitate isdue to neglect 
‘of the ability to squat and rise off the toilet, or egress from a car, or walk up stairs, without fist 
auldcessing. the aberrant gluteal patterns. 

Retraining the gluteals eannt be performed with traditional squat exercises that utilize a 
machine. Performing a traditional squat requires litte hip abduction. Consequently there is 
Title ghiteus medius activation, and the glureus macimus activation is delayed during the squat 
until lower squat angles are reached, This is well documented in McGill (2006). In contrast to 
the traditional squat, « one-legged squat activates the gluteus medius immediatcly to assist in 
the frontal plane ip drive nceessary for spine-sparing, function together with sooner integration 
‘of gluteus maximus during the squat descent motion, 


LEARNING TO ACTIVATE THE GLUTEALS 


‘The following maneuvers will enable most patients t0 lear how to isolate and activate both 
sluteus medius and gluteus maximus, 


LEARNING TO ACTIVATE GLUTEUS MEDIUS 


“The fist stage involves isolating gluteus medius. Once again the patient needs to “ee!” the 
muscle and perceive its activation. The patient lies on his or her side, The patient places the 
thumb on the anterior superior iliac spine (ASIS) and reaches withthe fingers posteriorly—tho 
tips will be over the glutcus medios (a), With the hips and knees flexed, the patient spreads 
the knees apart like & clam shell, with the 

feet remaining together and acting es a 
hinge (b). The patient feets with the fingers 
the gluteus medius activate, This maneuver 
is to simply activate the gluteus medius and 
should not be considered a strengthening 
exercise, There is n0 need {0 offer resis- 
tance at this stage (resistance is imposed 
Jater during strength training) True isolation 
Of the gliteus medius is not possible, and 
other muscles are active, In this posture, the 
external hip rotators are recruited, Extending 
the hips to a neutral posture and repeating 
the movement tends to activate the gluteus 
rmedius with a greater integration with the 
tensor fascia latoe. 
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LEARNING TO ACTIVATE THE GLUTEALS conimeer 
LEARNING TO ACTIVATE GLUTEUS MAXIMUS. 


Lying on the back withthe knees flexed and the feet on the floor, the patient places the fingers 
fon gluteus maximus to feel is activity. Have the patient image a coin placed in the gluteal 

fold that must not be dropped. The patient 
activates gluteus masimus by “squeezing” the 
butiocks—not by creating hip extension. The 
focus ison the pelvis at this sage 10 ensure 
that pelvic titingoccurs, The lumbar spine 
remains in neutral pasture (a). Then, once 
the activation has been mastered, the patient 
begins bridging the torso off the floor. The 
linicianat this stage palpates the hamstrings 
(6). Those who are hamstring deminant and 
gluteal deficient will immediately activate 
the hamstrings just prior to the occurrence 
of motion, This patern is very dominant in 
those who have the aberrant crassed-pelvic 
syndrome, but is also seen in some spor 
specific athletes such as cyclists. The patient 
Must repeatedly try to begin the bridging 
action without hamstring activity (or at least 
only mild activity 

‘To override the hamsiring-dominant (en 
dency in some patients requires coaching 
and cueing from the clinician. For these 
Challenging cases we place our foot against 
the patient's toes and instruct the patient 
to continue with the preparatory gluteal 
Activation but then also very mildlly activate 
the quadriceps by very mildly attempting to 
texeng the knees. Buttressng the patients eet 
with the clinician's foot assist this, A gentle 
siroke on the quads to assis: the patients 
imaging and perception of mild knee exten- 
sion also facilitates this pattern to enhance 
luteal dominance. Then the patient repeats 
the attempt io bridge with gluteal dominance. 
Once this is mastered, squat performance 
will improve. 

Imaging squeezing the gluteus maximes 
‘muscles prior to performing the back bridge 
\ill assist in grooving gluteal-cominant hip 
extension patterns. Then the patient performs 
the bridge with afocusan gluteal contraction 
throughout the full range. For those having 
cifficulty, quadriceps stroking can assist with 
mild knee extension to further reduce ham- 
siring contribution. 
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BEGINNING BASIC SQUAT PATTERNS: 


Fist a word of caution: Do not start this oo early with patients who either are disabled or 
have very painful backs. 


POTTY SQUAT 


When appropriate we would begin a basic squat progression with a “patty squat” Siting on 
the corner of a chair ora stool, the patient positions the feet uncer the body to rse off the chair 
without using any momentum shifts. The lumbar spine is neutral and braced. This begins to 
groove a good two-legged squat position. Then, with progression to a standing position, 
the ams are held out laterally aad moved! in front of the body as the patient squats. Of 
course, emphasis |s placed on maintaining a neutal lumbar spine and abdominal brac- 
Ing, The hips follow a trajectory along a line about 45° from the vertical, “Squat back” s 
a better instruction than “squat down,” The motion is predominantly at the hips, known as 
the “hip hinge.” 


SINGLE-LEGGED SQUAT 


Progressing to a single-legged squat involves the same arm motion to assist balance, As the 
-single-legged squat is performed, the free leg is held behind and the knee is touched to the 
floor, oF the toe is reached with an outstretched leg to a distant object behind, (a, ) Then, 
te fee leg is reached out to distant abject placed laterally during the squat (c). Variations 
include working the free leg to different positions “around the clock” (see page 180), This 
challenges the full hip extensor, flexor, and abduction torque generators together with keen 
moior contol, Full iniegration with the pelvis and lumbar spine isachieved with emphasis on 
the appropriate motar and motion patterns. Specific focus is cirected toward maintaining. a 
neutral lumbar spine, Focus on hip motion, with gluteal muscles producing the hip extension 
torque, and a sti torso, Caution with anterior foot placement is necessary with some patiants 
who are urable to maintain a neutral spine (4), 

‘The single-teg squat follows the same hip hinging motion. The noasupport leg is projected 
to the rear and to the side, Be cautious with forward projection of the fort co the frank, as it 
‘often causes spine flexion. The abxtominal muscles are braced, the lumbar spine is neural, 
andthe mental focus of the patient ison hip extension torque. Notice that the hips are drifted 
posteriotly during the descent to place more emphasis on the gluteals for hip extension, 
Unloauting both the knees and the bact 
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BEGINNING BASIC SQUAT PATTERNS (ontinue) 


RISING FROM A CHAIR 


Rising rom a chair follows the potty squat mechanics. Faulty motion patterns 
‘often include initiating the motion with spine flexion, insiead the spine should be 
cexiended withthe rb cagerising, andthe hips flexed, The feet are crawn underneath 
the patient, the knees and feet spread, and the hips exiernally rotated to integrate 
the gluteal muscles for hip extension (see figure 10.11), 
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Figure 10.17 (a, ) First faulty motion is initiated with spine flexion. (c) Then the hips are extended with the hamstrings 
and (d) the spine is extended with the back extensors, 


b e 


Figure 1012 Cowectal patterns include spreading the feet placement then consciously tying lo “spread the fleor which 
facifiates tegluteal muscles. (a,b) Bees «notion i inidated with spine extension and hip flexion, then (c) hip extension. 


Stage 2: Establish Stability Through Exercises and Education 


For patients to achieve stabifity not just during rehab, but also in all aspects of their lives both 
during and after rehab, both exercise and education are crucial. [tis essential that you pursue 
oth of these strategies, 


* Growve stabilizing motor patterns through stabilization exercises. Generally the next 
stage should begin with stabilization exercise. The trick 1s to find an appropriate starting level, 
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Forths chronic “basket cases” who arrive at our university clinic having filed traditional therapy, 
ve generally undershoot wh ‘would consider an appropriate loading level. The typical 
progressive improvement philosophy of work hardening” with weekly improvement gouls wil 
‘ot work for these people; they require more patience. They will have good and bad days, but 
the general postive slope in iraprovement must be established—howerer gradual. Once weean 
document » positive slope in improvernent, then we ean increase the rehabilitation challenge, 
Specific exercises are discussed and illstrated in chapter 12. 

+ Bnsure stabilizing motion patterns anil muscle activation pattern daring all activi 
ties. You must clarify the range of stivities (daily living, occupational, azhleto, ete) for which 
the individval pasient musthe prepared. This is abrained through interview. While there is no 
sxandard form, we begin by documenting the picnts' daily routine, which includes their occu- 
pational demands and chose of daily living. Previous chaptersoffered many examplesin which 
the spine is spared with an appropriate posture and muscle activation pattem, ‘The guidelines 
to selecting exercises discussed in the nest section will help you determine what exercises to 
prescribe for patients in this stage. In addition, we spend time rehearsing daily activities to 
be sure the patient is learning and utilizing spine-sparing motion and motor (muscle activation) 
patterns, 


Stage 3: Develop Endurance 


Enduranceis necessary for maintaining stabilizing patterns of muscle activity, ‘There isapmogres- 
son to building endurance, and it starts hy building endurance withour becoming tired! Here is 
‘what you should keep in mind as you progress patients toward greater endurance: 


* Typically, endurance s built first with repeated 
sets of relatively short holds. Folds shoul be no longer 
An Important Reminder than 7 or 8 seconds. ‘The duration is based on recent 
z evidence from near infrared spectroscopy indicating 
Remember, since half the batile is to 


rapid loss of available oxygen in torso muscles eo. 
remove the rants, rake sie fllow —ractng at these evel, Sort relation ofthe muscle 
the recommendations of the previous 


ture uaygen (MeGill et al, 2000) The endurance 

Chapters. coljecries ane acktepai! by oulldlig is repestclont a 
the exertions rather than by increasing the duration of 
each hold. 

+ Identify endurance deficits. Motivated by the evidence for the superiority of extensor 
endurance over strengths henchmark for good hack health, we recently documented normal 
ratios of endurance times far the torso flexors relative to the extensors and lateral musculature 
(Gee next chapter). Use these values to identify endurance deficits—both absolute values and 
valves for one muscle group ralaive to anocher. 

* Use the reverse pyramid for endurance training. This epproich to designing endur- 
ance sets is founded in the Russian tradition of maintaining excellent technique and form, 
‘The idea isto train endurance without becoming tired, For example, ifone were to design 
sets for the side-bridge exercise using five repetitions, the training session would look like 


this. 
1, Five repetitions on the right side 6. Rest 
2. Five repetitions on the left 7. Three on the right 
3. Rest 8. ‘Three on the lef 
44. Four repetitions on the right 9, Finighed 
5. Four on the lett 


Good technique is failcated as the repetitions are reduced with each fatiguing set, This 
generally done t» build the endurance base, since the objective of maintaining Sufficient O, 
levels is met so thatthe fuilureis not oxygen starvation or acid metabolite buildup. Endurance 
taining for more athletic patient is described in McGill (2006), 
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ftirvaxcr ) Summary: Checklist for Patient Progression 


Aswehave noted, the frst three stages of our five-stage program are focused on rehabilitation. Here 
\we include an expanded checkist for rehabilitation that adds some critical elements, 


1, Identify and remove the exacerbating activities, 

2. Have the patient record in a journal daily how thé back feels as well asthe tasks andl activi- 
tios performed. 

3, Identify and correct perturbed motion and motor patterns using corrective exercise. Develop 
Spine position awareness (hips vs. lumbar motion) and the ability to maintain abdominal 
bracing, Groove motion and motor patterns, 

4, Begin the appropriate spine exercise and appropriate stabilization and mobilization tasks 

5, Develop muscular endurance. 

6. Transfer to daly activities, 


Note that training athletes in our program involves the same stages with the addition of two 
stages—iraining strength and power \see chapter 13 and McGill, 20061, 


Guidelines for Developing 
the Best Exercise Regimen 


“The reported effectiveness of various training and rehabilitation programs for the low back i 
«quite variable, with some claiming great success while others report no successor even negative 
results (Faas, 1996; Koes etal, 1991), The discrepancy regarding the effectiveness and safety 
‘of exercise programs is probably’ dae co clinicians preseribing inappropriate exercises because 
they do not understand the tissue loading thst results daring various tasks. Resist the urge to 
enhance mobility justto adhere with the disabiicy rating system, That system is for legislative 
convenience only. Rather, judge your success by how well you are able to reduce patients pain 
and restore their ability to complete tasks. Alsn, there must be a reason to perform an exereise, 
and to perform icin a specific way. The next chapter will help you idenrfy deficits in patients 
so that they can be addressed hy specifie program. [Fthere is nospecifie reason to prescribe an 
exercise then don't—only work within the restricted capacity ofthe patient to achieve specific 
goals 


Developing a Sound Basis for Exercise Prescription 


Thave selected andl evaluated the exercises in the following chaprers based on tisue loading 
evidence and the knowledge of how injury aceurs to specific tissues (deseribed in previous 
chapters), Choosing exercises, however, still involves the best educated guess that is developed 
through clinieal experience. The following example ilustratesthe need for quantitative analysis 
in order to evaluate the safety of certain exercises. 

‘Wehaveall been told w perform sit-ups and other lesion exercises with the knees lexed—hut 
‘on what evidence? Several hypotheses have suggested that this disables the psous or changes the 
line of action af the psoas, cr both, Magnetic resonance imaging (MRI-based data (Santaguica 
and McGill, 1995) demonstrated thatthe psoas line of action does nochange dus to hutwhar or 
posture (exeeptat LS-SI) as the psoas laminae attach to each vertebra and follow the chang 
ing orientation of the spine. However, there is no doubs that the psoas is shortenod with the 
flexed hip, moxlulating force production, But the question whether chercis a reduction in spine 
Joad with the legs bene remains. In 1995 McGill exsmined 12 young men using the Isboratory 
technique deseribed previously and observed no major difference in. lumbar Joad asthe result 
‘of bending the knees average moment of 65 Nm in both straight and bent knees; compression 
‘of 3230 N with straight legs and 3410 N with bent knees; shear of 260 IN with straight legs 
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and 300 N with hent knees). Compressive loads in excess of 3000 e4 
safety. This type of quantitative analysis is necessary 1 demonstrate that whether to perform 
situps using bent knees or straight legs is probably not as important as whether w prescribe 
sit-ups atall! There are better ways to challenge the abdominal muscles. 


Basic Issues in Low Back Exercise Prescription 


Several exercises are required to train all the muscles of the lumbar torso, but which exercises 
are best fora given individual? Making this determination will depend ona number of variables, 
sach as the individual’ fitness level, training goals, history of previous spinal injury, and other 
factors. However, depending on the purpose of the exercise program, several principles appl 
For example, an individual beginning a postinjury program would he advised to avoid loading 
the spine throughout the range of motion, while a tained athlete may indeed achieve higher 
performance levels by doing so. Another general rule ofthumb isto preserve the normal low back 
‘curve (similar to that of upright standing) or some variation ofthis posture that minimizes pain, 
While in the past many cliricians have recommended performing « pelvic tilt when exercising, 
thisis nor justified; wemow know thac the pelvic ult increases spine tissue loading, asthe spine is 
tno longer in static~clastie equilibrium, ‘Thus, the pelvic lt appears to be contraindicated when 
‘challenging the spine. Basic issues you should consider when prescribing exercises forlow back 
rehab are discussed in the following sections. 
Hexibility 
Whether te train for optimization of spine flesihility depends on the person's injury history and 
evercise goal. Generally, farthe injured back, spine flesibility should not be emphasized until the 
spine has stabilized and has undergone endurance and strength conditioning —and some may 
never reach this stage! Despite the notion held by some, there are few quantitative data to sup- 
por’ the idea that a msjor emphasis on trunk flesbility willimprove back health and lessen the 
riskofinjury: In fat, some exercise programs that have included loading of the wrsorhroughout 
the range of motion Gin flexion-extension, lateral bend or axial twist) have bad negative results 
(eg, Nachemson, 1992), and greater spine mobility hasbeen assodated with low back trouble 
in some cases (e.g., Biering-Sorensen, 1984). Further, research has shown that spine flexibility 
haslittle predictive value for future low bick trouble (¢. Sullivan, Shaof, and Riddle, 2000), In 
the context of trying to stretch the hack and ain flexibility, the insightful work of Solomonow 
and colleagues (2012) has shown that the stretch reflex is diminished and masele spasms can 
result: The most successful programs appear to emphasice trunk stabilization through exercise 
with a neutral spine (eg, Hides, Jull, and Richardson, 2001; Saal and Saal, 1989; Koumantakis 
et al, 2005) while stressing mobility ar he hips and nes. (Bridger, Orkin, and Henncherg, 
1992, demonstrate advantages for sitting and standing, while MeGill and Norman, 1992, outline 
advantages for lifting,) Finally, removing lumbar flexion from moming activities substantially 
improves patients, on average (Snook ets, 1998), Despite this evicence, many patients are still 
structed to “pull their knees” to their chest in the morning and perform toe touches (ee figure 
10.13, a). The destabilizing consexquences of full flexion were described in chapters # and 5. 
Forthese reasons torso flexility exercises shouldbe limited to unlocled flexion and extension 
for those concerned with safety, Thos interested in specific athletic activities may sometimes 
be an exception to this rule, (OF course, spine flexibility may he more desirable in athletes who 
have never suffered hack injury.) 


Strength 

In general, strength seems to have little to do with back health even though increasing torso 
muscle strength is a popular abjective of low back rehabilitation protocols. This is not to imply 
that strength is not important. Rather i sto emphasize that the way the spine moresis relatively 
more important in terms of spine health. Back muscle strength in particular has not been found 
ty be a significant predictor of first-time injury. (nthe contest of cause and effect, predicting 
first-time injury offers special insight.) Only Troup, Martin, and Loyd (1981) found, wiile 
testing torso muscles, that reduced dynamic strength was a predictor of recurring back pain, 
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Figure 10.12 “Silly sretchos,* such a (a, b) pulling the knoes to the chest and (c) toe touches, 
are often proscribod to patients to do in the morning. These can cause instability! Paradoxically, 
the stotch roceptors in tho back are stimulated that may last about 
20 minutes. 


roviding a false sense of 


However, in a prospective seudy, Leino et al, (1987) found chat neither isometric nor dynamic 
trunk strength predicted the development of low back troubles oyera 10-year follow-up period, 
‘The Biering-Sorensen (1984) stuly, previously noted, found chat sometric back strength did not 
predict the appearance ofllow back trouble in previously bealthy subjects over aone-year follow- 
up. Holmstrom and Montz (1992) recorded reduced isometric unk extensor endurance times 
in male workers with LBDs compared to those without but found no differences in sometric 
flexion or extension strengths. Strength appears 10 have litte, ara very weak, relationship with 
low back health, Strenath is for athletic performance objectives. In contrast; muscleendurance, 
when separated from strength, appears to be linked with better back health 

‘Most recent data have suggested that while having a history of low back trubles isnot related 
to redaced strength, itis related tora perturbed lesion-tn-extension strength ratio (McGill et 
al,, 2003). This difference in the ratio appeared to be mainly influenced by greater extensor 
serength relative to flexor strength in those with troubles. 


Endurance 


“Fivo cross-sectional studies, those of Nicolaisen and Jorgensen (1983) and Alaranta and col- 
leagues (19%), found reduced extensor endurance in workers who reported low back troubles. 
Both Biering-Sorensen (1984) and Luoto and colleagues (1995) suggested that while isometric 
serength was not associated with the onset of back troubles, poor static hack endurance scores 
are. Some have expressed concer that patients with poor muscle endurance scores have poor 
scores froma lack af effort (a psychological variable) rather than any’ physiological limitation, A 
sendy hy Mannion and colleagues 2001) suggested that ofthe toa variance measured inthe endur 
ance scores oftheir hack patients, 40% was explained hy physiological fatigue (quantified as deckines 
inthe EMG power spectrum), while only 10% was explained by psychological variables (quantified 
a5 motivation and fear of pain variables from a questionnaire), Another stuly (McGill etal, 2003) 
has suggested that having a history of kaw back troubles appears to be associated with a diferent 
flexor-to-extension enduranceratio, with theexensors having les endurance andthe flexors having 
more endurance. This imbalance in endurance also appeared berween the right and left side lateral 
musculature as evidenced by the asymmetry in right and left endurance hokling times (eg, 
RSB/LSB ratio of £3 for those with an LBD history vs, 1.05 for those without), The nest issue 
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addeessed the question of whether strength and endurance are related. Interestingly, the Meso 
srength (Nm)-to-endarance (sce) ratio was between 3 and 3.5 forthe flexors in both ‘norrmal” 
hacks and in those with a history of troubles, ane for the extensors of Uke nermals. The ratio 
vas much larger for the extensors (5.3, p=.033) in those with a history of LBD. 

In summary, several sardies have suggested thar diminished trunkextensor endurance and not 
scrength is linked to low back troubles. Recene dita confirm this notion and eahance it further 
by suggesting that the bulance of endurance between flexor and extensor muscles and the bal- 
ance between right and left sides ofthe torso appear to be linked to a history of back troubles 
severe enough to result in work loss. Note that these were losses that lingered long after the 
disabling episode. In those with a history of disabling LBD, the average length oftimesince the 
last work loss episode was 261 weeks standard deviation = 275), while theaverage length of time 
los from work in thar episode was seven days (standard deviation » 10), The lesson for exercise 
preveription isthat graduated, progressive excreie programs (ie, of longer duration and le 
flor), which emphasize endurance, thus seem preferable over strengthening exercises 


Aerobic Exercise 


‘Mounting evidence supporting the role oF aerobic exercise in both reducing the incidence oflow 
back injury (Cady et al, 1979) and treating low back patients (uker etal, 198) is compelling, 
Recent investigation into loads sustained by the low back tissues during walking (Nutter, 1988) 
confirms very low levels of supporting passive tissue load eoupled with mild, bat prolonged, 
activation of the supporting musculature. Callaghan, Patla, and McGill (1999) documented 
that fast walking with the arms swinging results in lower oscillating spine londs. When 
tlerable, aerobic exercise, particularly fst walking, appears to enhance the effects of hack- 
specific exerci 


Order of Exercises Within a Session 


Because the spine has, loading memory, prior activity can modulate the biomechanics of the 
spine in a subsequent accivty. For exzmple, ifa person sat ina slouched posture for a period 
‘of time sufficient to cause ligamentous and dise creep, she would have residual ligament laxity 
for a period of time. (We have measured laxity of over a half hour in some cases [McGill and 
Brown, 1992].) The nucleus volume appears to redistribute upon adoption of astancing pasture 
(Krag et al,, 1987). This redistribution takes time. Ifthe spine is flexed in one maneuver, then 
it probably should return to neutral or extension for the next 
Viscosity is another property of biological tissies—in this ease 4 frictional resistance to 
motion within the spine and tarso tissues. This is why motion exercises are ususlly performed 
first as part of a warm-ups once the viscous friction has 
been reduced, subsequent motion can be accomplished 


Establishing Grooved Patterns fy cs ns 

‘We have found that patients are best final consideration isthe need to continually groove 
Served when we establish the grooved Healthy, joint-conserving, an abilising mororparterns. 
pattems forspine sabiy atthe begin. _Deperding onthe exeraseobjeceves, we often begin aa 
fing olthe cession, Ontheotherand in €%€is oF Uaining session with ome spine stabilization 


a periormance-oriented training, 


ram, _exertises fo groove the patterns that will continue over 


Paricipantsmoveon to torso stabilization _€© other exercises in the program. In surumary, under- 
Gaikccteewendathe wean: standing spine biomechanics can optimize the ordering 


‘of tasks ina training session. 


Breathing 
Debate continues regarding training for breathing during exertion. 
during a particular phase of movement or exertion? 

In the rare eases of very heavy lifting or maximal excttions (hich would not be part of 
rehabilitation program), high levels of intra-abdominal pressure (IAP) are produced by breath 
bolding using the Valsalva maneuver. This elevated IAP, when combined with high levels 
‘of absominal wall cocontraction (bracig), ensures spine stiffness and stability daunng these 
extraordinary demands, 


should one exhale orinhale 
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Anather motivation given for striving to achieve higher LAP is the need to reduce the tran: 
‘mural gradient ia the cranium to lessen the risk of blackout or stroke (McGill, Sharrart, and 
Seguin, 1995), The explanation for this risk reduction isas follows 


4+ Building IAP is associated with a rise in the central nervous system (CNS) uid pressure 
in the spine, which formsan open vessel to the CNS and brain. 

+ Upon exertion, enormous elevation in blood pressure occurs (documented in weight- 
Iifters to be well over 400 mmHg). 

+ ‘This pressure in the eranial vessels creates 4 linge transmural pressure gradient that is 
reduced ifthe CNS fluid pressure is likewise elevated, reducing the load on the vascalar 
vessels 


Although this explanation isvalid, the mechanism should be considered only for extreme weight- 
lifting challenge-—not for rehabilitation exercise, 

When designing rehabilitation exercise, a major objective isto establish spine stabilization 
patwrns, An imporsant fearure of stable and Funetional hacks ic the ability to cocontraet the 
abdominal wall (abdominal brace) independently of any lung ventilation patterns. Good spine 
sxabilizers maintain the critical symmetrical muscle sifnesssiring any combination of torque 
demands and breathing patterns (such as when playing « basketball game, for example), Poor 
scablizes allow abdominal coneraction levels to cycle 
vith breathing at critical moments where stability is 
needed Gioorig nsenla ciation petns0 that ener am 
4 particular direction in lung air flow is entrained to a Trainto breathe freely while maintaining, 
particular part of an exertion is not helpful, This would the stabilizing isometric abdominal wall 
be of little carryover value to other activities; in fact, it contractions, 
would be counterproductive. 


Time of Day for Exercise 

As pointed out in part I, the intervertebral dises are highly: hydrated upon rising from bed the 
annulus is subjected to much higher stresses uring bending under these conditions, and the 
end plates fail at lower compressive loads as well, Thus, pertorming spine-bending maneuvers 
at this time of day is unvsse. Yet many manval medicine physicians continue to suggest that 
patients perform their therapeutic routines fist thing in the morning, This appears to be due to 
‘convenience and ignorance, Because the discs generally lose 0% of the fluid thac they wil lase 
‘over the course of a day within the first hour after rising from bed, we suggest simply avoiding 
thisperiod for exercise (thats, nding exercise) for ether rehabilitation or performance train- 
ing. While there hasnt heen a study on theenhancements obtained during evercise routines as 
a function of ime of day, Sook and colleagues (1998) did prove that the conscious avoidanee 
‘of forward spine flexion in the moming improved their patients’ buck troubles 


futvacr 2 Notes for Rehabilitation Exercise Prescription 


Exercise professionals face the challenge of designing exercise programs that consiler a wide variety 
‘of objectives. Consider these guidelines: 


+ While some experts believe that exercise sessions should be performed atleast three times 
per week, low back exercises appear to be most beneficial when performed daily (eg., 
Mayer et al., 1985). 

+The no pain-no gain axiom does not apply when exercising the low hack, particularly when 
applied ta weight training. Scientific and clinical wiscom woul suggest the opposite is rue. 

* Research has shown that general exercise programs that combine cardiovascular compo- 
nents such as walking) are more effective in both rehabilitation and injury prevention (eg. 
Nutter, 1988). 
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DDiueral variation in the fluid fevel oF he intervertebral discs (discs are more byehrated early in the 
morning after rising from hed) changes the stresses on the disc throughout the day. People should not 
perform full-range spine motion under load for 1 t0 2 hours after rising from bed (e.g., Adams and 
Dolan, 1995), 
Low back exercises periormed for health mainienance need not emphasize strength with high-load, 
low-repetition tasks. Rather, more repetitions of less demanding exercises will enhance endurance 
{and strength. There isna doubt that back injury Can occur during seemingly low-level demands (such 
as picking up a pencil) and that injury from motor contwol ertor can occur, While the chance of motor 
control errors that result in inappropriate muscle forces appears to increase with fatigue, evidence also 
indicates that passive tissue loading changes with fatiguing ling (e.g. Potvin and Norman, 1992). 
n that endurance has more protective valuethan strength (Luoio etal, 1995), strength gains should 
nat be overemphasized at the expense of endurance: 
No set of exercises i ideal for all individuals. An appropriate exercise regimen should consider an 
Incividual’s training objectives, be they rehabilitation, reducing the risk of injury, optimizing general 
health and fitness, or maximizing athletic performance. While science cannot evaluate the optimal 
‘exercises foreach situation, the combination of science and clinical experience will result in enhanced 
low back health. 
Both patients and clinicians should he patient and stick with the program, Increased function and 
reduction in pain may not occur for three months (e,, Manniche etal, 1988). 
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CHAPTER 11 


Evaluating the Patient 


[irslyary anal meliinrestook decrbes heya tess for determining the range 
(of motion (ROM). Hutof what real importance is this information to the clinician? These 
numbers are more for the legil determination of disability as defined by the American Medi- 
cal Association than for aiding in the clinical decision process, Some erroneously think that all 
qatienss shoul have “normal to average” ROM values even though they probably were not 
“average” prior to becoming a patient. The vests discussed in this chapter offer more useful 
indicators of pathology t» assist you in making treatment decisions. 

OF the several defictsin low bck variables identified in carlier chapters, many are the direct 
result of injury. They include aberrant lumbar motion patterns, perturbed motor patterns of 
‘muscle recruisient, and aberrant joint motion withconeomitant pain and lossof muscle endur- 
ance. Unfortunately, testing for these deficits isnot easy: ‘Thechallenge isto find the tests thatcan 
best identify the deficits und that are reasonably safe and do not require expensive or specialized 
‘equipment, The tess that come closest to meeting these criteria are described in this chapter, 
along with guidelines for tests desigmed to quantify patient deficits, ‘The results will form the 
tehabilitation objectives for the patient, together with clues for designing exercise, The chapter 
also discusses how patients can help to define their own rehabilitation targets 


The Most Crucial Element in Evaluation 


Before discussing any specific tests or techniques, however, i is vical that you understand the 
central element in all diagnoses: your brain! If your own observation and reasoning skills are 
pot well developed, the best tests and the most advanced technology will be of little Use to 

2 the following text will show. 

Geoff Maitiand, the well-known Auscralian physical therapist, promoted the “hypothesis” 
formulation approach to diagnosis—which is very similar to our awn, Justas a detective must 
rikece together evidence, a clinician must consider evidence from all sources. As each piece is 
considered, the hypothesis is ether strengthened ar weakened. However, nike the simarion 
with aerime, the expert clinician is able 10 obvain a definite history, even though a patient may 
present conflicting signs and disguised characteristics. This complexity means no more than 
‘that the patient hasa complex presentation, Such pasients may be farther down the degenerative 
cascade of tissue and nervous system change, or they may have some biological processes under 
yy that complicate the search, Biomechanical knowledge is critical for success in hypothesis 
formation. Usually the overused dssues are the ones involved in sympromcreation, The solution 
often lies in changing the byomechanics to alleviate loading of the painful issues 

A keen “clinical eye" is feature ofall great clinicians. {often tell the story of when I was 
invited to a renowned spine center and part of my course was to concluct three examinations 
in front of the center’ 18 clinicians. The clinicians included orthopods, neurologists, physical 
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itutvace) Interpreting Patient Presentation 


Form a working hypothesis and continually 
reassess the hypothesis, doing the follow- 
ing 


1, Observe everything, sarting with the 
person's sitting posture, rising from 
the waiting room chair, tanding, and 
walking, 

2, Hlicit and record the history: Link 
injury mechanisms and pain mecha- 
nisms. 

3, Perform provocative tests: What loads, 
postures, and motions exacerbate: 
what rlievest 

4, Perform functional sereens and tests: 
‘Are there perturbed postural, motion, 
‘and motor pattems? 


therapists, and 30 on, We weat to the 
waiting room and were introduced w 
the first patient. The patient rose from 
the chair and walked to the lange train- 
{ng room that served as our exam room, 
“Then Tasked the clinicians to turn away. 
fromthe patient and face the wall. lasked 
thom to tell me about the patient—and 
not one of them could answer. T said to 
them that they all fale. 

I then deserihedall that [had observed, 
beginning with the seated posture of the 
patient, which vasa hall-flexion, slumped 
posture (this usually suggests flexion 
intolerance), Rising from the ehair was 
initived with more spine flevion and 
less hip extension. ‘Then the hips rose, 
indicating typical hamstring dominance 
for hip extension and gluteal deficiency in 
generating the hip extensor torque. The 


spine extended last with spine extensor 
muscle activation. This strengthened the working diagnostic hypothesis that was forming in 
ny head. The classic antalgic walking posture was shown with arms swinging bending at the 
hows instead of the shoulders, Then Tobservell the clssie standing posture with the weight 
shifted predominantly onto one leg 
‘After pointing out chese features I stated that my working diagnostic hypothesis was-adise 
bulge an the right posterior-hteral side of L1-LS. Further testing showed this ty be correct. 
‘The other two patients included a stenotic individual and one with a highly anstable spine 
lumbar “hinge” with overstitfness in the thoracic region. After conducting the same qualitative 
‘observations on these two, the clinicians understood what I meant when [said that their eyes 
and hands were their best “scanners,” Interestingly, afew older clinicians stated that they had 
forgotten their observational skills because of acces to high-tech medial imaging —this was a 
poignant reminder to rehone their observational and assessment skills. 


st Clinician-Patient Meeting 


Each patient has limited capacity for physical work. Every aspect of therapeutic exercise must 
be justified; otherwise capacity is wasted. ‘The objective is to determine the capacity, determine 
what is tolerable, determine the deficits, and design the best therapy to rectify the short- 
‘comings, Having road map to follow will allow you to converge on the fastest and most efficent 
journey to optimal back health, Finally you should proceed only after you have screened your 
patient forall “red flag” conditions. The following checklist will help determine appropriate 
rehabilitation exercise, 


1. Identify the rebabititation objectives (specific bealth ur performance objectives). he 
specific rehabilitation objective determines the acceptable risk-to-benetic ratio. A performance 
“objective carries higher risk. Since the principles of bodybuilding and athlete training are so 
pervasive, you need to be sure that all patients understand the difference between athletic per- 
formance objectives and those for pain reduction and improved chily Function. Generally, direct 
all efforts toward prin elimination prior to any training for performance (such as strength or 
spine motion 

2. Consider patiewt age and general condition, Younger patients end to haye more disco 
genie troubles from the teens the fifth decade), while arthritic spinestendto begin developing 
after 45 years and stenotic conditions after that, Note how patients walk and st. Are they in 
noticeably poor condition, either emaciated with little muscle mass or heavy andi loose with fat 
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Evaluating the Patent 


rather than masele? It is also assumed that patients have been medically sereened and cleared 
for cardiovascular concerns, or any red flag conditions such as tumors 

3. Identify occupation and lifestyle details. Generally, you should begin by documenting 
patients’ daily roatines: when and how they rise from and retire to bed, meal routines, and exer- 
‘iseand recreational habits. Then direct specitic focus toward areas of concern, For example, if 
the patient reports watching TV for 2 hours in the evening, ask for details on the type of chair, 
range of postures used, and so on, After gathering information about the patient's daly routines, 
inquire about occupational demands. All of this information, when added to the clinical pre= 
sentation, will help yoa evaluate common links. Discogenic troubles are linked with prokonged 
sitting (particularly prolonged driving) and repeated torso lesion. A passive or inactive lifestyle 
is abo associated with dise troubles. Arthrtie conditions, facet troubles, and the like are more 
linked with jobs and activities thie involve large ranges of motion and higher loading. Former 
athletes such as soccer players also fll into this category; although long-distance runners do 
notsince they do not, presumably, take the spine to the end ROM. 

4. Consider the mechanism of injury. Attempts to re-create injury mechanisms are fruit 
‘only when the real mechanisms are understood. These were detailed in chapters + and 5, Once 
identified, the mechanisms can be linked with specifi tissue damage {much of which is other- 
wise not diagnosable). Not only will this assist in designing the therapeutic exercise, butt will 
also help in texching patients co avoid loading scenarios that could exacerhate the damage and 
symptoms. Note thar some of these will have acute onset, while others progress slowly Slow 
‘onset may resultin some patients’ eing unable to identify the mechanism of injury. Neverthe- 
less, a “culminating event” is usually involved. Careful questioning about events leading up to 
that event will provide clues as to the mechanisms of injury 

5. Have the patient describe the perceived exacerbators of pain and symptoms, Prompt 
the patient to describe the tasks, postures, and movements that exacerbate the pain, Examine 
these reported tasks from a biomechanical perspective to determine which tissues are loaded or 
irritated. These tssuesshould be spared in the exercise therapy: and the exacerbating movements 
minimized. 

6. Have the patieut describe the type of pain, its location, whether itis radiating, and spe- 

¢ dermutonnes and myotomes. Description of the type of pain is sometimes helpful; patients 
may describe their pain as deep and boring, scratchy, sizing, ata point, general over the back 
region, continually changing, and so on, You may need to help some people describe their 
pain by offering adjectives to choose from. In chapters and 5 I described the link between 
pain types and specific tissues and syndromes. Keep in mind that changing symptoms over 
the short time of an examination generally suggest more fibromyalgic syndromes, which can 
sometimes be resistive to exercise therapies—particularly onesthat cause pain. The issue here is 
that pain-free motion mustbe found and repeated, slowly expanding the repertoire of pain-free 
motion. 

7. Take dermatomesand myotomes inte account. With radiating symptoms, the dermatomes 
and mnyotomes can assist in understanding the iovelved segmental levels and whether the pain 
‘originates from a specific nerve roet. For example, direc: pressure on the root could indicate a 
tilateral disc bulge or end:-plate fracture that would cause loss in dis height wgether with a 
lossof root outlet foramen size. In this way the spinal level can be linked with the dermatome or 
ryotome but not the actual tissue damage. Further, nerve root pressure can occur ata specific 
spinal level on the outlet nerve, consistent with a dermatome or myotome, of on the travers 
ing nerve from above if there is pressure on the cavda equina centrally. Thus dermatomes and 
yotomes are another consideration when forming an opinion from the consistency obtained 
from several tests that can include medical imaging, provocative tests, and so forth, 

8. Perform provocative tests. You have already observed the patient st, rise from a chais, 
szand,and valk, You havea working diagnostic hypothesis. Once you suspect that specifi issues 
are damaged or sensitive, you can load them to see if loading produces pain. Thisis provocative 
testing. Many patientshave more complex presentations, with several tissuesinvolved. Nonethe- 
less, the provocative procedure stil indicates which postures, motions, and loads cause pain and 
thus should beavoided when designing the therapeutic exercise, Generally patients descriptions 
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‘of the activities they find exacerbating of their pain (tem on this list) wil 
sion a3 to which specific tues to load and stress. For example, lumbar extension with a twist 
‘ean provoke the faeets while the anterior shear test may be warranted for suspected instability 
(shown in the next few pages). 

9. Perform functional soreens, To determine whether a patient is moving in a spine~ 
‘conserving and efficient way, functional screens are used, In addition, Functional screens are 
used to indicate the suitability of a specific exercise or as a qualifying test prior to exercise 
prescription 


Some Provocation Tests 


Provocative testing intended to identify the postures, motions, and loads that cause discom- 
fortor puin, They are used to guide the design of pain-free therapeutic exercise and avoidance 
scrategies to remove the cause. The following list ecmprises some that we have designed or 
quantified (or both). Since they may mimic the mechanism of injury, itis up to the clinician 
‘working with the patient to set the intensity 30 that i is sufficient only to provoke discomfort 
and not wo risk further injury. 


COMPRESSION TESTS 


| compression tests, patients generate their own jaads and must be cautioned not to crush 
themselves but simply perceive whether the pain is worsened, 


THE HEEL DROP TEST 


Schmorl’s nodes and fractured end plates result from compressive overload. Annulus damage 
typically does not compromise compression tolerance until the disc is flexed. There are sev 
eral compression tests, each one well suited to establish compressive tolerance in different 
posiures and add clues for the working diagnostic hypothesis, The heel drop test can cause 
pain oF fel uncomfortable in thexe with pain-provoked compression in an upright and neutral 
spine. True periosteuin pain will be described as local and boring, The dynamic load peak 
{s usually around 2.5 of 3 imes body weight as seen on a force plate (registering total body 
‘weight. Positive pain response would strengthen a hypothesis of recent endplate damage, 
(or perhaps compromise to the vertebral body (cancellous bone damage, esteaporotic wedge 
fracture, etc). fhe patient adopis.a more extended posture, anc the compression is repeated, 
provoked pain may supgest more posterior bony damage 
such as to the facet jornts oF neural arch, 


“Two faatients come to mind, The first had T9 wedge 
fracture, and upon hee! drop compression, local spine pain 
(lower thoracic) was coupled with rectus abdominis sersa 
tions of numbness (rectus is innervated com this spinal 
level), The second patient had! prosthetic discs at L5 and 
4 together with a flatiened disc at T10. Once again, the 
heel drop produced focal lumbar pain together with rectus 
abdtominis perceptions, 

The standing heel crop testis performed with the patient 
rising onto the balls of the feet (a). The patient then drops 
down to a fat foot, causinga rapid compressive load of the 
spine. While the fes is conducted cautiously, repeated trials 
when the patients pain iree may be madle more aggressive 
Lnti rigid drop produces «lumbar compressive magpituce 
Up to about 2.5 times body weight (b) 
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SEATED COMPRESSION TESTS. 


Seated compression tests provide insight for determining 
\whetber the compression intolerance is modulated by pos { 
ture, For example, posterior disc herniatons generally tolerate 
Compression better when the spine is ina neutral posture. yet 
these patients feel very uneasy when the spine is lexe—this 
makes periect sense considering the injury mechanism that 
rolios <0 heavily on a flexed spine, The seated comprossion 
testi helpful hove. Have the pationt sit upright and pull down 
fon the sto0} seat pan, then repeat with the spine flexed with a 
slouched siting posture 

‘The photos show (a) seated! compression with the spine in 
‘an upright posture, (b) then repeated in a siouched posture. 
‘he patient grabs the side of the stool and pulls Gown, com- 
pressing the spine, a b 


EXTENSION TESTS 


Spine extension as a provocative test can he interesting, as the mechanics involve several 
structures. For example, prone relaxed esteasion (McKenzie postures) may relieve pain, suggest 
ing thatthe pain was discogenic. Although for years the mechanism was thought 10 beactual 
‘migration’ of the nucleus anteriorly, recent work has shown a move interesting phenomenon. 
As the annulus slowly and progressively breaches, layer by layer, nuclear material infiltrates 
the annulus. Prone extension has been shown to “wring out” the annulus and squeeze the 
rucleus luids back into the annulus in some patients (Scannell and McGill, In press). But this 
also depends on the type of annulus damage and its location, Obviously a more posteriorly 
located partial herniation should respond to this hydraulic mechanism. Sometimes the delami- 
nations of the layers in the annulus travel around to the lateral, and even anterior, portions of 
the annulus. In these cases, extension may drive more nuclear material anteriorly following 
therent or delamination, Clinically, aside bend iknow asthe “side glide" to MeKenzie-based 
clinicians) i effective for Somme patients. We would speculate that these may be the anes with 
the lateral delaminations. The side glide is then followed by extersion, which, ance again, i 
«effective for some. The nuclear material may be then directed hack to the central nucleus or 
may be driven back to the lateral ren 


MCKENZIE POSTURE TEST 
The patient begins in a relaxed standing posture, and the clini- 
cian asks the patient about current pain and the general ieeling 
‘about the back. Then the patient lies prone, adopiing one of the 
following three levels oj the McKenzie pesture progression (the 
Clinician decides which is suitable based on the patien’Hlexibility 
and symptoms: 


+ Prone with the arms relaxed (a) 
+ Prone with the chin resting an the fists (6) 
+ Prone supported on the elbows (¢) 


I the patient cannot tolerate one ofthese postures, theclinician 
can assume that simple disc disturbances are ot the source of @ 
troubles, orat least nor the sole source, Many with uncomplicated 4 
posterior disc lesions, or herniations, find relief in these postures. - By 

The patient then retuins fo the standing posture, A patient who 

feels more stable or has less pain compared to the moments prior 

to lying prone is classified as posterior discogenic c 
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Patients who are pesterior discogenic should avoid flexion stretchesand a flexed spine urder 
load when performing exercise therapy, Those who feel worse upon sanding could have a 
host of other possible conditions but will probably experience better progress by adopting, @ 
neutral to slightly flexed lumbar posture for exercise therapy. 


TESTS FOR DETERMINING SUITABILITY FOR ROM TRAINING 
AND STRETCHING 


The McKenzie extension approach is well known for treating acute discogenic troubles. But 
the extension pestures can also be usedl asa test to identify those with posterior disc troubles. 
Typically, these posterior discogenie potients should nover tle the lumbar spine sshen itis 
under substartial loading, See the “McKenzie posure test” section. 


STANDING EXTENSION TEST 


Classically the extension postures have been thought to indicate posterior element or neural 
arch damage. However, as with disc pathology, this exacerbation provides only circumsian- 
tial evidence. The standing extension provocation tests include the extension quadrant and 
the one-legged stork test, Both postures load the facet capsules, compress the facet articular 
interface, and bend the pars and lamina. They also close-dowa the size ofthe lateral nerve root 
foramen and tension the anterior 
longitudinal ligament and anterior 
annulus, Understanding the inter- 
play between these tissues helps in 
Understanding the signs during the 
standing extension postures. For 
example, sagittal plane extension 
‘may Cause central pain thatis turther 
exacerbated by lateral bending to 
the right, then twisting io drop the 
right shoulder back, Shown in the 
photos are (a) standing extension, 
(b) extension quadiant tes, (c) one- 
legged stork test 
‘The main implication, as with 
‘many provocation tests, is that the 
reaction to extension postures pro- 
vides circumsantial evidence. When combined with other evidence, the impression ancl work- 
ing diagnostic hypothesis are strengthened or weakened. Relief with prone extension appears 
49 be a sirong indicator of discogenic pain from posterior annulus damage, but exacerbation 
‘of pain requires more follow-up, However, in tems oF designing therapy, the pain exacerbator 
‘an extended spine in this case) has heen identified and should probably be avoided. 


NEURAL TESTS 


Pain is sometimes wrangly atribused to “tight muscle” when the genesis is actually ivtated 
nerve. Proper diagnoxis is an important issue because the treaiment of tight muscle usually 
makes ag jrritated nerve worse. The clinical techniques discussed here will assist in enhanc- 
ing patient outcome, 


SITTING SLUMP TEST 


Several forms of the siting stump fest can be used fo elicit radiating sciatic symptoms. These 
are designed to tense the sciatic nerve and irritate the lumbar nerve roots. Typically the patient 
sitson the table or chair and then slumps orslouches. The intention is to progressively increase 
the nerve tension, 
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Then 
+ the teg can be extended 
at the knee (a), tensing the 
‘nerve from below the lumbar 
spine; 

+ footflexion canbeadded (b), 
further tensing the nerve, 
and finally 

+ the nerve can be further 
tensed from above the lum- 
bar region with the addition 
Of cervical spine flexion (C). 


If the tension at any of these 
‘gages causes symptoms, turer pro- 
gressive testing is stopped, and the 


patient may be a candidate iorneve 
flossing (described in chapter 12), 
Cenainly flexion will be contraindicated for these patients during stretching ard exercise. 

Fi flexing the neck does not increase the pain, then the sciatic nerve i not the tissue of interest 
and the clinician can begin assessing the sacroiliac (SI) joints, the hamstrings, pirifonmis, and 
‘other muscle-based syndromes, ending with the hip. However, the slump test, in this form, is, 
linvited—a more insightiul nerve tensioning test (the passive leg raise tes) is described follow- 
ing the description of the Fajersztaja test 


FAJERSZTAJN TEST. 


‘TheFajersztajn test shoul always be performed on both legseven when the sciatica is unilateral. 
Raising the “well leg” is needed to perform the “well leg raising test of Fajersztajn” (DePalma 
and Rothman, 1970). Raising the well leg tensions the nerve mat on the well side together 
With causing tensions centrally along the midline ofthe cauda equina and to the nerve roots 
‘on the opposite side (a). Sometimes pain is provoked with simultaneous cervical flexion (b) 
Fain in the symptomatic side [side not raised) isan organic sign of disc lesion, usually a more 
central lesion. Itis nota siga of malingering as some have suggested. 


‘SUPINE PASSIVE LEG RAISE TEST 


“Technique while performing the leg raise testis very important. Both neural tension and mus 
cular tension are changed with raising the leg, as with the siting slump test. Thus, during the 
leg raise some patiens will report pain that originaes from muscle tension, To sort out the 
iference, always place one hand behind the knee so thatthe fingers can palpate the 1en- 
sion in the hamstring tendons (see photos on page 196), The patient's description of pain also 
2sists in the Impression of whether the pains fam neural or muscular tension—neural pain 
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will travel beyond the borders of the muscle (perhaps follow the sciatic tract in the buttocks 
and below the knee), 

Ii neural tension is present, follow up with the determination of whether the nerve rootis ce 
to floss. Wilh ihe patient remaining in the supine posture, the pain-generating leg is raised to 
the point oi pain. The head is raised with cervical flexion, and ifthat exacerbates the leg pan, 
this indicates that tension of the neural tract from above exacerbates the pain, Then the leg is 
lowered slightly, Alleviation of the pain with this maneuver establishes that releasing tension 
in the neural tract from below (while the tension from above remains) allows the nerve root to 
relax. Then returning the leg to the former position that generated pain and returning the head 
to the rested position on the table should reduce the pain. This procedure will establish thatthe 
nerve coot is flossing and not adhered, An adhered or pinched nerve root will nt show differ 
ent pain patterns from the coordinated cervical motion described here. While we have been 
alle to break nerve ront adhesions (postsurgical in the past with flossing regimens, the risk of 
Creating exacerbated sciatica is large and requires strict guidance, discussed in chapter 12 


‘Shown in the photos is (a) leg raised to point of pain provocation, (b) position in a with 
cervical spine flexion added—now the cervical spine is flexed, does this make the pain 
\worse?—then (c! lower the leg—does this reduce sympionss?Ifso, the nerve is flossing, Note 
the technique of cradling the leg in the craok of the arm so that the fingers can palpate the 
hamstring tendons, 

While performing the supine passive leg raise, monitor muscle tension by using the fingers 
to palpate the hamstrings, The leg is raised to the point of pain provocation (a). Then the cer 
vical spine is ilexed to further tension the spinal cord from above the lumbar roots (b). Ifthe 
pain is exacerbared either in the back or along the sciatic tract in the lower extremity, neural 
tension is considered the culprit. Then the leg is lowered (c). If the pain is reduced, this is a 
Clear indication thatthe nerve root is not adhered 


REFLEX TESTING TO FIND BEST POSTURES FOR NERVE MOBILIZATION 


Peripheral reflexes such os thepatellar reflex or the Actilles reflex are modulated by lumbar 100k 
tension or compromise. However, theactual nerve root tension that Is modulated by posture is 
rarely considered. For example, the patient with a diminished patellar reflex Guring the typical 
Upright sting posture willbe recorded as compromised, et in some ofthese patients the reliex is 
restored when the posture is changed to reduce the neural tension. In this case, a logical posture 
would be to have the patent lie back. Ia stronger refen was measured in this new posture, i 
would be established that the reflex is postural, and therefore biomechanically modulated, 


TEST FOR POSTURALLY MODULATED REFLEX DIMINUTION. 

Reflex intensity is evaluated as a function of neural tension. Adjust the seated posture to 
modulate the neural iension to determine ifthe reflexes are modulated—for example, in a 
flexed posture (2), causing neural ‘ersion, or an extended posture (b), slackening the neural 
tract (or other postures in between), Ifa stranger reflex response is generated in posture b then 
this will be adapted during “flossing” routines (see page 217. 
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TESTING FOR LUMBAR JOINT SHEAR STABILITY 


Chapters 4 and 5 offer a well-developed discussion of the role ofthe lumbar extensors (longis- 
simus thoracisand iliocestalislumborum) in supporting anterior-posterior shear of the vertedral 
motion segments, These muscles stfien against unstable motion in the shear plane. In fac, 
00d stabilization exercise must involve these muscles. A simple manual ies for lumber jaint 
shear stability is presented here. Ifthe result is postive ie, the patient has pain provoked by 
shear instability), the patient could benefit by reducing the aberrant shear mation and will do 
well with stabilization exercises that grave cocontraciing motor patterns af the shear mus- 
cculature (Hicks et al., 2008) 


MANUAL TESTING FOR LUMBAR JOINT SHEAR STABILITY 


‘The patient Hes prone with the body on a table, the legs over the eulge, and the feet on the 
floor. The person must relax the torso musculature, The clinician then applies direct force 
{downward onto each spinous process in turn (a) (starting at the sacrum, then L5, 14,3, 
‘The force applied should be no more than 1 kg (2 Ib, and is applied in an oscillatory way to 
“rattle” the segment. Unstable segments are identified when either the person reports pain or 
the clinician feels actual shear displacement, but the patients reporting of segmeni-specific 
pain, in this case, is given more consideration. Then the patient is asked to slighily raise the 
legs of the floor to contract the hack extersors (b). The clinician once again applies force on 
each spinous process, using the same technique 2s efore, By virtue of their lines of action, 
the lumbar exiensors will reduce shearing insability if present. f pain is presont in the resting 
postion but then disappears or subsides with the active cecontraction, the testis positive 
Patients inho indicate more pain during active contraction may be compression intolerant. 
Or they may be trying to extend their legs with lumbar extension rather than hip extension, 
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Correction of this aberrant pattern may help make the test more precise. This test proves can- 
clusively that activating the extensors stabilizes the shear instability and eliminates the 
Now the trick is to incorporate these extensor motor patterns into exercise prescriptions to 
carry over to daily activities, 


A Note on Motion Palpation 


Some clinicians use their hands to fee! specific vertebral motion during a whole-trunk motion 
sach as flexion or twisting, When they detect a “blacked” or “stiff-fecling” segment, they often 
declare it pathological and make it the target of mobilizing treatment. Clinicians rarely, ho 
ever, consider the flexibilityin the spinous pmocessand bony neural arch noted in chapter 4. Two of 
ry PRD students questioned whether the asymmetric fel to a specific joint was tre pathology or 
sSmplyasymmetric anatorny-—perhaps asymmetric facet joints (Ross, Bereenick, and McGill, 1999), 

ly carefully documenting the motion accurring a the dise and in the spinous processin cadaveric 
specimens, together wich the applied lous (simular to clinical lows} they were able to quantify the 
effect of anatomy, The revuks demonstrated that over half of the motion felt by the clinician was 
actually the spinows process flexing and bending (see Figure 11.1) and not vertebral body motion. 
“Those joints that were anatomically asymmetric had asymmetric motion under an applied load 
from the clinician. Treating such a joint with mobilization therapy would be fruitless 


Distinguishing Between Lumbar and Hip Problems 


Pain in the buttock or radiating down the leg (or both) can have more than one source. For 
effective treatment, you must discover whether that source is in the lumbar spine or in the SI 
joints, in various muscles, or in tissues around the hip or even the hip joint itself 

Tam continually surprised at the number of people with hack troubles who also have hip 
troubles (McGill and colleagues [2003] noted 4 correlation between hack troubles and hip 
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Figure 11.1 Lateralforces were applied tothe tip ofthe spinous process by clinicians to cadaveric 
motion segmentsto mimic motion-palpaton testing. Mast of the motion measured in the spinous 
process, which is what the clinician feels, took place in the spinous process bending rather than 
in the disc. Moreover, asymmetric anatomy resulted in asymmetric motion when loaded to mimic 
the clinician's hand forces, suggesting that this test should not be used solely to determine the site 
‘f mobilizing treatment. 
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pathology in factory workers). Itis sometimes difficultto separate hip pain from lumbar trouble 
since deep buttock pain can be sciatic (mbar) oF originate in the hip joint. Typically, medial 
and anterior thigh pain are indicators of hip pathology. If hip tests are incieated by the nerve 
tension testy described in the previous section (Le, they were negative), flexion and rotation 
tests should be performed. 


HIP FLEXION AND ROTATION TESTS 


Have the patient lie supine with the hip flexed. Rotate the paiient’s thigh sepment into hip 
internal rotation (a). Stifiness or pain is a positive indicator of hip concerns. Hip joint pain 
is somewhat distinctive with radiation into the groin, or along the inguinal crease or medial- 
anterior thigh (or some combination of these’, Then flex the patients hip (h) while the knee 
is moved in circular motions, scouring the acetabulum, hut with the knee bent so as not to 
confuse any pain with nerve tersion related to the back. 


Some Functional Screens 


ain is present because the back is currently a weak link. Functional ests help to sort out why 
the hack is a weak link and help indicate what is required to holster the deficit Some tests are 
posturally based while others assess control of motion, 


POSTURAL TESTS 


The following postural tests are very helpful, Recall that screening need not involve maninu 
Intian or special positions. Some of the mst useful “tests” are simply a matter of intelligent 
observation 


THE SITTING POSTURE 


‘What is so incredible is that patients with troubled backs mast often sitin a 
\way that causes more back troubles, Far example, patients who show flexion 
intolerance during provocative tesis often have atypical sitting posture that 
involves lot of spine flexion. Ina similar way, those who show extension 
intolerance will more often sit wth a spine locked into extension, Thus, 
the siting posture isthe fest clue in hypothesis formation since this is often 
the posture that is first observed of the patient in the waiting area. Siting 
jn the waiting room in a flexed posture citen suggests a flecion-intolerant 
patient. 
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RISING FROM THE CHAIR 


Rising froma chait can be very revealingot numerous motion and motor patterns, For example, 
for the flexion-intolerant patient, rising from a. chair is initiated first by more lurmbar flexion 
and even sometimes hip extension (see page 181). Such patients are moving to exacerbate 
the paintul tissues preventing their recovery. A conserving approach for the flexion-intolerant 
spine would be 0 initiate he movement with a ling ofthe chost, causing lumbar extension 
frst with corresponding hip flexion motion. The feet are underneath the cenier of mass of the 
body, and hip extension drive is cominated by gluteal muscle activation. Hip power in this 
caso is often helped by shifting the pelvis forward in the chair and planting the feet wider 
apart on the floor. 

‘Alo, ising from a chair often reveals spine “hinges” These are regions, or motion segments, 
\where a disproportionate emount ofthe motion occurs, These overused regions are often the 
site of local symptoms, and untl they are addressed, the back often remains chronic. 

‘Motion resitictions other than in the spine may also be observed, for example in the hip, 
nee, or ankle, These restrictions may be complicating the hypothesis and may or may not 
become a component o the back therapy. 


THE STANDING PATTERN 


Allsonts of cluesare revealed in the standing posture. Simple palpation ofthe standing patients 
lumbar extensor muscles will veal i the patient is chronically crushing the back with exten- 
sor contraction. Simple pestural carrections such as hip exension, retracting the shoulders 
posteriorly, pulling in the chin, and so on can shut these muscles oft 

No amount of muscle relaxants will shut off the painful back muscles if the patient stands 
ina Souched posture. Standing te spare the spine requires a finely tuned blend oi postural 
adjustments and muscleactivation paiterns, One correction i to“steer” the thumbs in external 
rotation, resracting the shoulders (see b and c) to 2 spine-spering corrected posture. 

‘ether patients stand with no measurable extensor or abdominal muscleactvation—hey 
simply balance on their passive elastic spine tissues. These tend to be those who have thick 
torsos with flaccid abdominal walls. For these patients, correction achieving pain reduction 
involves mild abdominal contraction; 2% oF 3% of maximal voluntary contraction is considered 
normal abdominal wall muscle “tone” during standing (Juker et al., 1998). The photos show 
the standing patiern, (a) aberrant, (b,c) external rotation of the thumbs with chin retraction, 
and (d) corrected posture with no chronic back muscle contraction. 
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‘THE GAIT PATTERN 


's walking a provoking task? If so, can it be 
turned into a therapy? Many clues can be 
obtained during observation of walking patterns, 
For example. slouched postures, small steps 
swinging arms irom the elbows, “chick feet,” 
and a low-cadence shufile are all suggestions 
that walking is an exacerbating activity for the 
patient. Correcting these will tum walking from 
fan exacerbating activity into a therapy. Lifting 
the chest, swingingthe arms from the shoulders, 
taking longer and faster steps, or correcting 
“duck feet” will often relieve pain (see photo). 
The biomechanical changes show more efficient 
Siorage and recovery of elastic energy, actually 
reducingspine loads with this approach, Further, 
walking is changed from a static spine activity 
into a reciprocating mation and load activity 
‘The photos show the gait pattem, (a) aberrant 
and (b) comrected 

Observing the dynamics of the rib cage relative to the palvis is 
also revealing. A lumbar spine may be “out of control” with large 
‘motion; pain in these patients is often relieved with abdominal 
bracing pattems Yet others with lumber symptoms may be over'y 
siiff in the thoracic end shoulder regions, with motion occurring, 
only in the lumbar region. Too many’ young males who are body= 
building fal into this Category, The correction is to have them walk 
‘with little sifiness above the lumbar region end with some sitfness 
in the lumbar region. Developing some “attitude” during walking 
often helps. Using phrases such as “walk lke you own the world” 
or “walk with no worries’ often lightens the upper regions to unload 
the painiul lumbar spine 


MANUAL ILIAC CREST COMPRESSION 


Another test involves manual compression othe iliac crests or the 
{tochantersof the hips. This may alleviate pain, suggesting that some 
instability in the pelvic ring is a cause—perhaps pubis symphysis or 
SI, This would require some consideration for pelvic instability. 


MANUAL TESTS FOR CONTROL OF MOTION. 


Control of motion requires all of theattritutes of physical performance—motor control, strength, 
endurance, specific flexibility, and soon, The following screens will assis in identifying some 
Of these delicits together with acting as qualiiying tests prior to engagement in more progres- 
sive therapeutic exercise. 


PROPRIOCEPTION ACUITY, 


‘The ability to find a pain-free position jor the spine appears to be compromised in chronic 
backs. Clearly this ability can be tained (Preuss et al, 2005), We have developed the “wall 
plank,” which helps to identiy those who are unable t accurately reposiion their ypine and 
also becomesa training exercise 

Wall planks begin with the patient’ finding and grooving the "sweet spot" for minimal or 
no pain, The clinician moves the pelvis jaward the wall using a combieation of hip and spine 
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tlexion-extension (a). Once the no-pain position is found, (b) the abdominal wall is “raked” 
with the fingers to stimulate oblique muscle activation. (c) The shoulder and latissimus may 
bbe brushed to cue the locking initiation of the torso rotation with lastissimus dossi. (¢) Finally, 
the lacked torso is “grooved” inio the proprioceptive system of the patient. 

(Once the pain-ftee posture is found, the patient spins on the balls of the fest with the rib 
‘cage locked to the pelvis s0 that no lumbar motion occurs (c, cl), The plank pasition is then 
taken once again. Ifthe "sweet spot” for pain-free lumbar posture has been los, the exercise 
is repeated to groove the pain-free position into the movement and posture reperoire. 


LOOKING FOR SPINAL “HINGES” 

Hinges are motion segments that bear more of their share ofthe motion. n the sagittal plane 
they are seen during siting down or during standing flexion, A common location is the tho- 
racolumbar junction. tn athletic populations, a successful strategy is often to buttress this 
lack of sifiness with latssimus dorsi activation through shoulder depression with the rib cage 
Iited (see McGill, 2006). Lumbar hinges are usually better buttressed with an abdominal 
brace (within the compression tolerance of the spine ancl at the sufficient level). Sometimes 
torsional hinges occur, These can be addressed through learned avoidance of painful twisting 
or through buttressing with an appropriate muscular brace (or bath), Overtime, the natural 
“degenerative cascade" will work in favor of the patient to stiffen the painful segment. n this 
‘way the arthritic or degenerative process acts to stabilize the painful segment or hinge). But 
the clinical objective is restore pain-free function in the meantime, 


Wie 
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Evaluating the Patent 


A flaxion hinge (arrow) at L2-L3 is the ste of pain in this flexion-intolerant former athlete 
Here the patient statsan the hands and knees and rocks the buttocks back to the heels, tying 
tomainiaina neutral spine. General abdominal bracing removed his pain together with spine 
pelvis position awareness taining. 


The “Stiff” Spine 

Notall spines are painful because of instability Rather, some are stifened with muscular con 
tion and locked into a pained posture, ‘The chronic muscular lock, hawever, is often secondary 
to tissue damage and local instability. But its the choice of coping strategy that is causing the 
chronic symptoms, The muscular reaction is simply inappropriate: Itis probably far too intense 
and is more than is needed to he “sufficient.” As noted earlier, stiffness is often regional, and 
‘various clinical approaches can he employed, ranging from passive approachesto active leamedd 
motion patteras with less muscular stiffening. 


Control of Torsional Motion 


Other forms of aberrant motion may iruliate pooe lumbar contrel, which is in contrast with 
the local segmenval instabilities shown previously, For example, rotational disconnect ofthe sil 
‘age and pelvis during the push-up test described here can indicate that more work is required 
for enhancing lumbar control 


TORSIONAL CONTROL TESTS 


All ofthe torsional tess described here indicate the presence or absence of the control neces- 
sary prior to engagement in torsional training. 


PUSH-UP TESTS. 


Aiter the patient takes a correct push-up position (a), have the patient liftone hand in a con 
trolled motion and place it over the other (b). This is good form and shows torsional conirol. 
Poor control is shown in (©) contraindicating further torsional training without risk, The pelvis 
‘and rid cage should remain level if torsional control is achieved 

‘The one-legged hip extension from the push-up position provides a similariniicator of con- 
trol (or lack thereot), A pelvis locked fo the rib cage during raising one leg with hip extension 
also indicates lumbar torsional control (d), Hiking the pelvis indicates peor lumbar torsional 
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BACK BRIDGE TEST 


The back bridge with a leg extended also indicates tor- 
sional control. While this was originally proposed as atest 
for pelvic stability (Mensetal., 1999), we have found that 
irindicateslumbar torsional contro. sifness, and stability 
(Liebenson et al, in press). 

Have your patient get into the back bridge positon, 
thon sek the patient to extend ane leg slowly. The patient 
should be able to control this motion with no twisting or 
flexion in the lumbar region, 


Testing for Aberrant Gross Lumbar Motion 


Local spine instabilities are devected in several ways. The more skilled clinicians simply “see” 
them, They appear as stall deviations in the three-dimensional motion profiles. For example, 
the spine may “clunk” during standing flexion when the lurmbar spine bends through 14°. This 
is repeatable once the refractory period has passed. ‘The refractory period is not a sec time 
hut a condition in which the unstable joint is able to shift back toa neutral position so that it 
is able toclunk again, ‘The “chinks” are almost always manifested in a shear moe, Sometimes 
they are audible with the naked ear or with a stethoscope. Other times they are a simple and 
very subtle shift in motion is the sine is moving in a speeifie way: bur they rause pain at that 
instant, Correction exercises involve avoidance of the motion that causes the pain, buttressing 
‘of the instability with an appropriate bracing pattern, or both. A skilled clinician will see these 
instabilities through unaided observation; however, I have also found the use of technology 
helpful particularly when T have to document these cases for medical-legal reports, ‘The fol- 
lowing are «few examples, 


Aberrant Gross Lumbar Motion and Electromyographic Evidence 


‘The usual practice isto test for ROM about the three primary axes of motion by determining 
the degrees of motion possible from neutral, Far example, a flexion ROM may be determined to 
be 45° from neutral (osually using standing posture asa reference base). As previously pointed 
‘out, this single number is of little nse as an indicator of pathology’ or for guiding therapeatic 
exercise decisions. Other well-known pathology markers inelude the inability to achieve myo 
electric silence in the extensors at full flexion (and that full flexion is not reached—see figure 
11.2), However, pathology may manifest within moderate ranges of motion, and simultaneously 
in axes other than the primary plane of motion, ‘The following example illustrates this pent, 
‘Asane bends fonward in the sagittal plane, there might be a sinall amounc of snotion that will 
‘ocear in the lateral bend or axial twis axis, and that is repeatable every time the spine passes 
8 certain flexion position, This indicates an instability catch or “chunk,” These are seen in the 
examples shown in figures 1.3 and 114 

‘The first patient (hgure |) had a “normal” ROM and by traditional tests would have been 
classed as “normal.” Yet during a lateral bend test (from neutral (° to 23°, every cime the spine 
bent laterally passing 172, a smal flexion hitch occurred inthe flexion axis ofa degree anda hal 
‘This was repeatable and occurred every time the spine passed 17° of literal hend. The point is 
that the motion pathology was not ia the lateral bend avis bur wasseen in the flexionaxis. These 
very subtle aherrant extches in the “off” axes are often missed daring examination. ‘The more 
sbilled clinicians see these with their eyes or feel them with their hands, 

In the second example (gure 11-4}, elunk” or “catch” was observed in the flesion axis ws 
the patient flexed forward and passed 30*—this was repeatable and obscrved in every flexion 
attempt. Interestingly, this instability eatch, as well as associated pain, was cured with some 
‘muscle patterning and stiff avery short period of time. Somerimes patients will report pain 
as the “catch” occurs, and sometimes there is evidence of muscle activation bursts; but many 
patients will simply move through the region, We use an electromagnetic instrument that 
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Floxion Response Test 
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Figure 11.2 Flexion Response Test 
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> Lateral bond 
Figure 11.3 This patient had a normal ROM but demonstrated an “instability catch,” During a lateral bend test rom 
neutral 0° to 2), every time the spine bent laterally passing 17° (event A) (0), a small flexion hitch of a degree and a 
half occurred in the flexion axis event B) (a). This occurred every time the spine passed 17° of lateral bend. There was no 
deviation in the twist axis (c). The bottom curve represents the fst derivative ofthe flexion curve, which iwe use to better 
locate instabiliy. The spike (event C) (cd) clearly indicates the point at which the instability occurred in the flexion axis. In 
this patient, a muscle activation pattern was identified that removed the clunk or catch. 
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Figure 11.3. (continued) 


o 2 «© 68 6 0 wW ww 8 6 2 
a Tine (6) 
2 
Bs 
F 
zo 
2 
2 
B 2 
5 0 6 © o& © a a «0 
b ‘Angle (dog) 
Figire 114 inthis pagent an msiailiy cach or “chink” occued inthe primary axe of motion (Reon Ashe ened 
the clunk was sean inthe flexion ans at 30° evert A) (a), This occutred in every tial of forward flexion, The instability 
isevident (event B) in the thd derivative ofthe lenin axis motion (b). The rcabiltation abjective was to stabize the 


spine to eliminate the clunk, This was nat fully successful aver the shart term, Symptoms resolved nly when the patient 
developed spine position awareness and was able to avoid flexian 10 30°. 
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tracks ehree-dimensional spine motion and graphi- 
cally displays the results, Sometimes the catches are 
sx subtle that it is far more illuminating w take the 
first derivative ofthe axis with the catch, Patients have 
ene Mie eation od ances fico 


elexated risk for becoming patients according to the 
aberrant motion model of Richardson and coll 
(1999), 

final example is very striking: Onepatient arrived 
after seeing many specialists who told him that his 
problems were in his head. He had intransigent s6- 
atiea and could not stand the weight ofa bedsheet on 
his foot. The specialists had treated his foot! {asked 
him what caused his puin and he started to wind 
his upper torso around. As he approached upright 
scanding I heard a grind and pop from his low back 
and he yelled out in pain, Clearly he had a massive 
spinal instability with a trapped! lumbar nerve root 
(ee figures 11.5 and 11.6). Upon looking at his 
motion and muscle clectromyegram (EMG) data, 
T could see that his spine became unstable when 
themaseles shut down as he returned to an upright 
posture. His nerveswere highly sensitized, account 

for his seemingly bisarre (to athers—not to us) 
behavior, We showed him some muscle bracing 
patterns, which removed the audible elunk within 
about four days. After rapid progcess, he was pain 
free in about three months, Bracing took away the 
ail irvitation to the sensitized tissues. The bracing 
then also allowed his tissues to desensitize. We have 
done this timeand time again with patients who have 
bad no success with other approaches—the approach 
can bevery successful with these unsable patients. We 
have many instances of these patients who are suicidal 
with their pain and who have been told itis in their 
head. tis tragic. 


Testing for Aberrant Motor Patterns 
During Challenged Breathing 


‘The test for aberrant motor patterns during heavy 
breathing israther sophistcate, butitis about the only 
vay toidentitya person's abilityto maintain spine stabil 
ity during tasksthat require higher physiological work 
rates. Candidates for this type of test incinde ath 
Jetes and occupational workers such as construction 
workers and warshouse employees. We explored the 
Tink between breathing and spine stability previously 
(pages 186-187). Challenged breathing requires heavy 
involvement of the abdminal muscles. Because we 
monitor the muscles with EMG electrodes and 
because muscle fatigue changes the EMG signal, 
ve avoid creating heavy Tung ventilation with exer- 
ise for this test. (Note that this consideration is only 
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Figure 11.5 (a) The three dimensional motion of 
the lumbar is shown with the instability catch occur- 
ring.as the patient revered to an upright posture. (o) 
Observing the EMG records revealed that this was 
the instance when muscle activation land stifiness 
ane ability) was at a minimum. 
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Figure 11.6 Teaching the patiene (came patient as figure 11.5) the abdominal brace (a) removed the instability (b) a5 the patient rap. 


licated the torso winding task that was formerly problematic. 


CHALLENGED BREATHING TEST 


During thistest the person breathesa 10% CO, gasmixture to elevate the 
lung ventilation with only a few breaths, but the O, is adjusted s0 that 
the light-headedness that accompenies hyperventilation does not occu 
THen & weight, usually about 15 kg (33 Ib) for the average man, is placed 
in the hands while the torso is flexed forward about the hips to approx 
mately 30°, This test reveals those wha have aberrant motor patterns in 
the abdominal muscles during challenged breathing that compromise 
lumbar stability. 
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Evaluating the Patient 


Normalized amplitude 


Normalized amplitude 
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for testing and that we will intentionally inerease the physiological work rate for exercises in 
chapter 13.) 

‘Good spine stabilization patterns observed in the muscle EMG signal obtained during the 
challenged breathing test include a constant muscle cocontraction ensuring spine stability 
Figure 11.7, « and 6, shows stable and unstable patterns. Our computerized analysis package 
measures spine stability using che methods explained in chapter 6, Many clinicians will not have 
this capability but should sill look for constant levels of abdominal wall activation. Patients 
who are poor at stabilization in these situations will demonstrate short, temporary reductions in 
activation or even loss of activation, These mark the critica instances at which spine instability 
‘eam occur, andclissify the personas candidate for spine stabilization during high physiological 


‘work tates. These patients must learn to contract the spine stabilization musclesindependently 
‘of challenged breathing to ensure spine stability in eonditions of heavy work: 

‘There are many other provocation tests and functional sereens suited for more athletic 
‘populations. Some are able to determine the starting losd for serious resistance training while 
‘thers indicate basic movement laws that must be corrected prior to rigorous training such as 
vith plyometries. A few of these are shown in my book timate Buck Picness and Pesformance 
2006). 


Ventilation 
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Figure 117 Good spine stabilization pattems during the CO, breathing test include a consiant muscle cocontvaction, 
which ensutes spine stability. Both fa) stable with constant muscle activation and (b) unstable variable abdominal muscle 
activation patterns are shown, 
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Testing Muscle Endurance 


Sevoral specific ress thar can help you assess your patients and plan the most appropriate 
exercise are deseibed in this section. You are the final judge as ro which tests are relevant for 
specific patients, 


MUSCULAR ENDURANCE TESTS 


While Bicring Sorensen (1984) showed that decreased torso extensor endurance predicts those 
who are at greater risk of future back troubles, recent work has suggested that the balance of 
endurance among the tos0 flexors, extersors, ar! lateral musculature better discriminates those 
\who have had back troubles from those who have not. Because these three muscle groups are 
involved in spine sibility during virwally any task, the endurance should be measured in all 

nple tests that isolate these groups of muscles are dificult find; | chase the follow- 
ing tests because each was shown to have high reliability coefficients, atleast .98 or higher, 
\when repeated over five consecutive days (McGill, Childs, and Liebenson, 1999) 


LATERAL MUSCULATURE TEST 

“The lateral musculature is tested with the person lying in the {ull side-bridge position. Legs 
are extended, and the top foot is placed in front of the lower foot for support. Subjects sup- 
por themselves on one elbow and on theie feet while lifting their hips of the floor to create 
2 straight line over their body length. The uninvolved arm is held across the chest with the 
hand placed on the opposite shoulder. Failure aceurs wien te person loses the straight-back 
posture and the hip returns to the ground, 


FLEXOR ENDURANCE TEST 

‘Testing endurance of the flexors (rectus) begins with the person in a si-up posture with the 
back resting agains: a jig angled at 55 from the floor (a). Both knees and hips are flexed 90: 
the arms are folded across the chest with the hands placed on the oppasite shoulder; and 
toes are secured under toe straps. To begin, the jig is pulled back 10 enn(4 in.) and the person 
hols the isometric posture as lang as possible (h). Failure is determined to occur when any 
par of the person's back touches the jig, 
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Evaluating the Patient 


BACK EXTENSORS TEST 


‘The back extensors are tested in the “Biering- Sorensen position” with the upper bodly cantile- 
\ered out over the end of atest bench and with the pelvis, knees, and hips secured, The upper 
limbs are held across the ches’ with the hands resting on the opposite shoulders. Failure occurs 
\when the upper borly drops from the horizontal position, 


Normative Data 


Nommaitive absolute endurance times collected from young healthy individualsare listed in table 
1.1, Note that women have greater endurance than men in the extensors. Further, the flexor 
endurance time (as proportion of the extensor endurance time) forhealthy young men isabout 
84, while other tests have yielded lower ratios for healthy older men, McGill and colleagues 
(2003) showed that the relationship of endurance among the anterior, lateral, and posterior 
‘musculature is upset once back troubles begin (see table 11.2): that upset in the relationship 
remains long after the symptoms have resolved. Typically, extensor enifurance is diminished 
relative to both the flexors and the lateral musculature in those with lingering troubles, A final 
rote regurding patient endurance testing: There is no need to exacerbate the pain in patients 
‘vith endurance testing, because their daly variation in pain will invalidate their results. Wait 
until they are pain fre. In addition, resist theurge to “train the tests.” Rather build endurance 
with the reverse pyramid appeoach introduced in the section on endurance training (chapter 
10) and with repeated sers of shorter-duration holds. 


Table 11.1 Mean Endurance Times (sec) and Ratios Normalized 
to the Extensor Endurance Test Score 


Mean age 21 yes men: 0 = 92; women: n =137) 
‘MEN WOMEN ALL 
Task Mean] SD | Ratio [Mean | sD [Ratio [Mean] $0 | Ratio 
Extension tor | ot | 10 | 185 | 60 | 10 | 173] @ | 10 
Flexion 136 | 66 | cvs] isa] ar | o72| 134 | 7 | 077 
RS os | 32 | 059] 75 | 32 Joao] a | a3 | 048 
LB 9 | 37 | aor | 78 | 32 | 042] a | 36 | 050 
Flexionlextension ratio os 072 o77 
RSHV/LSB ratio 0.95 096 0.96 
RSB/ewtension ose 040 048 
sBlextension 0.61 a2 0.50 


The ato a deerme rch individual nd thon avenged They are not denved simps by dhiding he eae coms he 
= hese dg LS =e Ledge 
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Interpreting Endurance Scores 
Interpreting absolute endurance is probably secondary to interpreting the relationship among 
the three musele groups (flexors, lateral, and extensors), Normally, the following discrepancies 
suggest unbalanced endurance (note that the last ratio isa strength-to-endarance ratio). 


Right-side bridge/left-side bridge endurance > 0,05 
Flesion/extension endurance > 1.0 

bridge (either side)/extension endurance > 0.75 

Fxtensor strength (Nm)/extensor endurance (see) > 4.0 


[Note that several scientists have applied these to special populations such as elite golfers. It 
appears that this group has higher lateral endurance than normal, Such spectal gremps will not 
‘conform to the “average scores.” 


Table 11.2 Mean Endurance Times Comparing Normal Workers 
With Those Who Have Had Back Disorders 

‘Men, mean age 34 yr (never had back troubles: n = 24; lost work due to LED: n= 26) from the same 
workplace. Variables that are significantly diferent between those with a history and those who have 
ever had traubles have an asterisk, Note that all men were asymgtomatic atthe time of testing; these 
are iong-ingering deficits subsequent to back roubles, 


HISTORY OF DISABLING 
NO BACK TROUBLES BACK TROUBLES 
Task Mean | SD | Ratio | Mean | SD | Ratio 
Extension 103 35 90 49 10 
Flexion” 66 B at 45 | 093 
RSB “4 21 58 2B O64 
1s8 5 2 6 7 | 07 
Flexiontexension atio> | a71 | 0.26 is | 66 
RSA/LSB catio*™ 105 | aa? 093 | 022 
sB/extension* os7 | 029 097 | 120 
[sByevtension® ose | 098 tox | ate 
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CHAPTER 12 


Developing 
the Exercise Program 


The exercises described in this chapter compose a program founded on the principles discussed 

in previous chapters. This program issufficient for many patients and for those interested in 
‘optimal hack health. For those with performance ambitions, chapter 13 offers more advanced 
versions. While I chim no expertise heyond the low hack, I will broach other isues that have 
implications for the back, For example, improper technique when one is perfarming hip and 
knee mobilization and streechingean compromise the backs for this reason Thave included them 
here. Upon completion of thischapter you will be able to design exercise that challenges muscle 
and esablishes stabilizing motor pareerns, hut spares the spine, The focus here isclearly on the 
paticnt and Tow back health for everyday activity 

Before presenting the exercises, I will review some of the basic ideas discussed in the cext 
‘thus fa establish how to stretch without stressing the hack, carify issues regarding abdominal 
hollowing and bracing, and introduce the technique of flossing the nerve roots for those with 
sciatica, 


Philosophy of Low Back Exercise Design 


‘Many craditional notions that exercise professionals consider to be principles for exercise desgn, 
yarticularly when dealing with the low back, may not be as well supported with data as generally 
thought, As previously noted, many clinicians still prescribe sit-ups—usually with the proviso 
that the knees remain bent, The resultant spinal leading of well over 3000 N of compression 
to a fully lexed lumbar spine clearly shows the folly of such a recommendation, Other experts 
sill recommend the posterior pele tilt when performing many types of lew back exercise 
“This actully increases the risk of injury by Mexing the lumbar joints and loacing passive tissues 
‘The recommenchatian of fattening the lumbar region ta the floor when performing ahdorninal 
exercise is another version of this ill feunded philosophy: Many continue to believe that having 
stronger back and abdominal musckes is protestive and reduces bad back episorles, even though 
Luote and colleagues (1995), among others, showed that muscle endurance, not strength, is 
more protective, This should not be misinterpreted w mean that having stronger muscles is 
ot a good objective; rather, it reflects an many of the strength training approaches currently 
used that create hack patients, Myths stil remain regarding the need for greater lurabar mobil 
ity, which the evidence suggests leads to more back troubles—not less (eg, Biering-Sorensen, 
1984)! Finally, we are disturbed by the fact that replicating the motion and spine loads that occur 
uring the use of many low back extensor machines, intended as training and therapy, produced 
cise herniations when applied to spines in our laboratory! 


Copyrighted Material 


24 


Copyrighted Material 


Clinical Wisdom 


Clearly, some current clinical wisdom needs to be reexamined inthe light of the scientific evi- 
ence, much of which has been presented inthis bonk. This evidence seems to indicate thatthe 
safest and most mechanically justitiale approach to enhancing lumbar stabilty through exercise 
isto emphasize endurance over strength, Clinicians using such am appreach should encourage 
patients to maintain a neutral spine posture when under fosd and use abdominal eooontraction 
and bracing in a functional way: The bodybuilding approach often used in rehabilitation isnot 
synonymous with health objectives and results in additional risk to ereate joint loading through 
a range of motion and the often simple motor patterns that are not april for ensuring joint 
ability 


Sparing the Back While Stretching the Hips and Knees 


Given that spasms in the psoas, which produce a shortening and hip estension restrietion, are 
‘omnes thuse with back troubles (MeGil etal, 2003), these people would probably benefic 
from hip stretching and other range of motion exercises, Sometimes, however, poor technique 
during the stretching of hip and knee tissues leads to unnecessary loading of the lumbar spine, 
“This can easily be avoided by changing technique, A general guideline for sparing the back is 
to maintain an upright torso posture while performing hip and knee work, Preservation of a 
neutral spine ensures minimal loading from passive tissues. An upright tra minimizes the 
reaction torques, the associated muscle contraction, and spine load. Abdominal bracing to 
an appropriate level is sometimes required far pain control. For example, lunges are a good 
exercise for challenging strength, endurance, balance, and mobility in the lower extremities. 
Lower extremity capability is needed tn facilitate sine-sparing postures when lifting and when 
performing.a host of other tasks, 

“The technique for sparing the bucks to maintain an upright torso posture while pecforniing 
‘Gee Figure 12.1). Some clinicians rscommend keeping the back leg straight, which 
jemtst flex the torso forward. This s poor form for sparing the back Gee figure 12.2 
A general principle isto keep the torso upright with a neutral lumbar spine while strecching 


ure 12.1. The spine is spared performing 
the lunge by maintaining an upright torso and, 
a neutral pine curvature 


Figure 12.2. Some clinicians 1ecommend 
keeping the back leg straight while periarm- 
ing lunges, which causes patients to flex the 
torso forward, This is poor form for sparing 
the back, 
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joints other than the back. Figure 12.3, and b, for example, shows spine sparring postures for 
‘sretching the quads and the hip adductors, respectively. Finally, the lunge with + neutral spine 
stretches iliacus more than psoas (liacusis 4 uniarticular musee that crosses unly the hip). Full 
seretch on the psoas requires a lateral bend ofthe torso away from the extended hip, but this fs 
reserved for the more robust backs (see figure 12-4, a-f), 


Figure 12.3 During stretching at joinis other than the hack, the spine is spared by mainiaining, 
the upright torso and neutral spine curve. (2) When stretching the quack, holding a chair for bal- 
ance Is a geod way to ensure 2 straight back. (b, c) This person hac sufficient hip flexion mobility 
tw ensure an upright torso and a neutral spine. Individuals who are unable to maintain this spine 
posture should forgo this exercise until they can achieve the required hip flexion mobility. (d) Poor 
technique is also shown, 
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Figure 12.4 Given the uniariculartlacus and the multiarticular psoas hat crosses the hipand entire 
lumber spine, a rue psoas strech requires the torso to be laterally hent away ftom the exeencled 
hip; this is an advanced stretch for the more robust backs. 


Flossing the Nerve Roots for Those 
With Accompanying Sciatica 


Before presenting the flossing technique for sciatica, some background is required regarding 
the hiomechanics and biochemisiry of the spinal cord and nerves 

Fxeessive tension in the nerve isthe cause of weitica. Normally, the cord nerve roots travel, 
through the foramense of the neural arch of each vertebra, and their sliding excursions are 
substaatial with spine lesion, hip flexion, and lnce extension. According to Loais (1981), the 
nerve van travel well ever a centimeter (over 1/2 in) during some of these movements Thus, if 
a nerve ror is impinged and cannot slide, any ofthese postures that would normally pull that 
nerve root through the foramen will increase nerve (ension. Instead of moving, the nerve is 
seretched. Further, tension on such a nerve can be inereased from the cranial end with simul 
taneous cervical flexion because the entire spinal cord moves slightly with cervical flexion and 
‘thus palls atthe nerve roots all along its length, This isthe basis for the modified leg raise test 
for nerve tension presented in chapter 11 

Recently, scientists have suggested that nerves hive the ability to create their own pathways 
as long as they can move. They seem to have some chemically based ability to dissolve—over 
time—tissues impinging them. The idea of “Mlossing” isto pull the cord and nerves from one 
‘end only while relessing at the other, and then to switch the pull and release diseesion. [n thi 
vay the nerve roots ate “flossed” through the lateral foramenae and in fuer along their entire 
Iengeh, Thus, by working the nerves back and forth in whatever limited range they can manage 
in spite of impingement, we facilitate the dissolving ofthe impingement and the gradual 
‘of te nerve to onceagain move freely (this approach was proposed by Butker 1999). 1 
ing action is accomplished with coordinated bip, knee, and cervical motion. 

‘A note of enition is needed here: While this can be wonderful in helping chronic sciatica 
resolution, tein also cause an acute onset, Be very conservative inthe first session, Ifthe nerve is 
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audhered so thar itcan' slide, thescatic gmptoms will be exacerbated, Hoverer ifthe patient reports 
10 change or even relief the next ay, then proceed to increase the flossing. Monitorall patentsand 
remove the procedure from the prograns of any patients whose symptoms worsen. 


FLOSSING 


‘The patient, seated and with the legs able to swing freely, 
flexes the cervical spine (a), Ths creates a pull onthe spinal 
cord from the cranial end and a release from the caudal end, 
“This should not praluce sciatic sympinms (see the discussion 
Cf the modified leg raise test in chapter 11). Then, he patient 
‘extends the cervical spine with simultaneous knee extension 
fon the side with sciatica (b). This pulls the nerve from the 
caudal end with a corresponding release at the cranial end. 
“The cycle is completed es the knee is ilexed with coordinated 
‘motion of the cervical spine flexing. This causes the nervesto 
floss through the vertebral tissues. If the patient experiences 
minor sciatic symptoms when the cervical spine i lexed or the 
knee is extended, then the patient should reduce the range of 
‘motion at theso joints until no pain is provoked, Some patients 
\who have suffered sciatica pain jor years report reductions 
their sciatic symptoms within a few daystora counle af weeks; 
others report increasing symptoms. 


TECHNIQUETIPS 


+ Atip to enhance efficacy isto frst adopt a posture that 
relieves impingement, For example, the patient with a 
disc bulge who isable o reduce the bulge by adopting 
prone extension posture (such as shown in Mckenzie 
posture tests in chapler 11 on pages 193-194) should. 
‘da. so for a fewy minutes prior to flossing, Thea adapt 
the posture with the longs relex response discussed 
‘on pages 196 and 197. 

+The motion should be slow (with a flexion-extension 
cycle lasting about 5 seconds), but most importantly 
‘coordinated, to create floss rather than length change 
inthe neural tract 

+ Bogin by performing 10 repetitions with each leg, Then, 
ifsymptomsare not exacerbated, perform several times 
per day. Do nat periorm jlossing within 2 hours after rising from bee. 


Identifying Safe and Effective Exercises 


After a brief review of the muscles that stabilize the spine, we will have a look at exercises for 
twaining those museles, While many muscles have heen regarded as primary spine stabilizers, 
confirmation of their role requires two levels of analysis, The first is engineering—stability 
analysis must be eonducted on anatomically robust spine models wo document theability of eae 
‘component to stiffen and stabilize. Second, eleetomyographie recordings of all muscles (even 
deep muscles requiring intramuscular electrodes) are necessary wo confism the extent vo which 
the motor control system involves each muscle t9 ensure sufficient stability. 

‘dentifying safe and effective exercises for low back stabilization is a several-step process: 
incorporating and patterning the museles involved in spine stability; eliminating unsafe exercises; 
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and selecting or devising exercises that appropriately challenge the selected muscles atthe dif- 
ferent stages of rehabilitation and conditioning. 


Incorporating and Patterning the Muscles 


Our intramuscular and surface electromyography (EMG) and modeling studies to quantify 
spine stability demonstrated that virtually all wors0 muscles play a role in stabilization. (Some 
data were presented in chapter 5.) While the back extensors and the abdominal wal all appear 
tp play significant roles, the quadratus lumborum also appears to play an important role in 
many tasks. ‘he fibers of quadratus lumboram cross-link the vertebrae; they have a lange lateral 
moment arm via the transverse process attachments and they traverse herween the rib eageand 
iliac crests. In this way, the quadratus buttresses shear instability and appears to be effective in 
all loading modes, by its architectural design, Typically, the first mode of lumbar buckling is 
lateral; the quadratus appears to play a significant role in local lateral butressing, The three 
Ihyersof the abdominal wall are also important for stability together with the rmuseles that attach 
directly to vertehrae—the multisegmented longissimus and iiocostalis and the unisegmentsl 
rmultifdii, Cholewicki and McGill (1996) also presented an argument for the role ofthe small 
intertransversarii in producing small but critical stabilizing forces. As well, latissimus dorsi 
plays a major stabilizing rote in many lifting tasks (Kaveie e¢ al., 2004). On the other hand, 
psoas activation appears to have little rdationship with low back demands, the motor control 

m activates it when hip flexor moment is required (see Andersson et al., 1996, and Juker 
1998), limiting is role in stabilizing the spine when hip flexion is not involved. But when 
‘corresponding hip flexion is demanded, psoas becomes an important spine stabilizer via shear 
stiffness and compression, 


Eliminating Unsafe Exercises 


(Quantitative dats have confirmed that no single abdominal exercise challenges ll of theabdomi- 
nal musculature while sparing the back (Asler and McGill, 1997). For this reason, more than 
‘one single exercise is required. Unfortunately, many inappropriate exercises have often been 
prescribed for people with low back difficulties, including the following: 


* Sic-ups(both straight leg and bentlnee) are characterized by higher psoas activation, with 
‘consequent high low back compressive loads thatexceed the National Institute for Occupational 
Safety and Health (NIOSH) occupational guidelines 

+ Lagrraises couse even higher psoas activation and spine compression (actual values were 
presented in chapter 5). 

* Most traditional extensor exercises are characterized by very high spine loads, which 
result from externally applied compressive and shear forces (from either free weights or res 
tance machines). A commonly prescribed spine extensor muscle challenge involves lying prone 
while extending the arms and legs (see figure 12.5), This results in over 6000 N of compees- 
sion to a hyperertended spine, transfers load to the facets, and crusbes the interspinous liga 
rment. Needless to say, this exercise is contraindicated for anyone at risk of low back injry—or 
reinjury! Although some may believe that putting the hands on either side of the head rather 
than extending them may make this exercise safe, that is not true. This exercise should be not 
be done in any form. Further, recall that the mechanism for ion is reproduced by 
bhack machines that take the lumbar spine from full lesion and through the range of motion 
under load from muscle contraction, 


se hemi 


In ourinvestigations we made several relevant observations regarding psoas activation during. 
abdominal excreises. The challenge to the psoas is lowest during curl-ups, followed by higher 
Ievels duting the horizontal side bridge. Bent-knce sit-ups were characterized by larger psoas 
activation than straight-ley sit-ups, and the highest psoasactivity was observed during leg raises 
and hand-on-knee flexor isometric exertions, The often-recommended “press-heels” sit-up, 
‘which has been hypothesized to activate hamstrings and neurally inhibit psoas, was actually 
‘contirmed to increase psoas activation! (See figure 12.6.) (Original data can be found in Juker 
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Figure 12.5 _A commonly prescribed spine extensor mascle challenge involves lying prone while 
‘extending the arms and legs. This results in over 6UO0 N of compression to a hyperestended spine, 
Iisa poorly designed exercise. 


Figure 12.6 The pressheels sicup was proposed by several clinical groups, on theoretical grounds, to inhibit psoas by 
activating the hamstrings. Infact, EMG assessment iuker eta, 1998) proved this to be mythical, Ths eriginal photo fom the 
intramuscular experiments shows the clinician’s hands behind the heels of the subject asthe hamstrings are being activated 
during thesitup. Activating the hamsitings creat a hip extensor moment, and si-ups requie hip flexion. During this type 
of situp, the psoas isactivated to even higher levels to overcome the extensor mement from the hamstrings and produce a 
net flexor moment. This type of stsup produced the highest level of psoas activation of any style of st-up we quantified! 


Upper and Lower Rectus Abdominis? 


Myoelectric evidence, normalized! and calibrated, suggests that there is no functional disinction between en 
“upper” and “lower” rectus abdominis In most people; in contrast, the obliques are regionally activated with 
‘upper and! lower neuromuscular compartments as well as medial and lateral components, There are, however, 
some highly trained individuals who are able to create small differences in activation, Yet these differences 
are only at very low levels of activation and occur during what would be considered nonfunctional tasks, for 
example belly dancing (Moreside et al. in press, 
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et al,, 1998; some clinicians and coaches who intentionally wish to tsain psoas will find these 
data informative.) Once again, the horizontal side bridge appears to have merit as it challenges 
the lateral obliques and tranwerse abderninis without high lumbar compressive heading ax 
ensures high stability index (a loss of contraction of the involved muscles woul cause the 
patient to fall out ofthe bridge). 


Selecting Safe and Effective Exercises 


A wise choice for stabilization exercises in the early stages of training or rehabilitation, and for 
simple low hack health objectives, would he the “big three” thatwe have quantified to sufficiently 
challenge muscle, spare the spine of high lead, and ensure sufficient staility: 

* Carhups for rectus abdontinis 

+ Several variations of che side bridge for the obliques, transverse abdominis, and quad 


* Leg and arm extensions leading to progressions of the “bird dog” for the many back 
extensors 
The variition ofeach of these exercises must 


be chosen with the patient’ or athlete's strus 
and goals in mind, 


+ Curl-ups: sraining receus abdominis, 
Cabbbrted intramuscular and surfice EMG evi 
cence suggests that the various types of curl-ups 
challenge mainiyreetusabslominissince psoasand 
abxlominal wall internal andexternaloblique and 
transverse abdominis) activity isrelatively low (see 
tables in chapter § for relative activation levels in 
avariety oF exerise tasks), Curl-aps performer 
with poor technique, however, can he ceunter= 
proshuctive, either filing te activate the reeres 
abdominis sufficient or overstresing the spine 
(Gee figure 12.7, wb Cuelups with « evising 
notion are expensive in terms of lumbar eon 
pression due ro the additional oblique challenge. 
Higher oblique activation with lowerspine load is 
accomplished withthe side bridge, which isthere- 
fore preferred over twisting curl-ups for training Figure 12.7 (a) Poor orm during the curl-up is to flex 
the obliques. This will be presented in the next the cervical spine, loacingthe neck and nos the rectus. (4) 
section. The highest-level curlupis preseated in Another common type of poor form isto elevate the head 
chapter 13. and shoulders a large stance off the floor. Ths patient 
+ Side ries rating ie quatre may te to 
fumborum, lateral obliques, and transverse ate rectus and nek to produce lumbar spine mation. 
‘abdominis. Given the architectural and EMG 
evidence for the quadratus lumborum, trans- 
verse abdominis, and abdominal obliquesasspine stabilizers, the optimal technique to maximize 
activation but minimize the spine Toad appears to be the side bridge. Aldeminal bracing is 
emphasized in all forms of this exercise, Maintaining the bridge ensures constant muscle acti- 
vation while the hrice intredices new combinations af muscle recruitment to ensure stability. 
Ir isalmost impossible for the spine ta hecome unstable while perfarming a side bridge with 4 
neutral spine 
* Bird dogs: training the back extensors, ln our seareh for methods to activate the exten- 
sors (including longissimus, iliocostalis, and moltifidi) with minimal spine Joading, we have 
found that the single-ley extension hold results in tolerable spine loading (<2500 N) for many 
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and activates one side of che lumbar extensors to approximately 18% of maximal voluntary 
contraction (MVC), Simultancous leyeatension with contralateral arm raise (the *bird dog”) 

eases the unilateral extensor muscle challenge (approximately 27% MVC in one side 
of the lumbar extensors and 45% MVG in the other side of the thoracic extensors) but 
also increases lumbar compression to well over 3000 N (Callaghan, Gunning, and McGill, 
1998), This exercise can be enhanced with abdominal bracing and deliberate mental tmag- 
ing of activation of each level of the local extensors. Once again, technique for challenging 
the extensors should be guided by the patient’ status and goals. This isan individual clinical 
decision, 


Beginner's Program for Stabilization: A Sample 


Now that you are familiar with some specific recommended low hack exercises, how do you put 
these together to create the best possible program for your patient? Assuming that there were 
‘no particular indicators obtained during provoeativetesting that would contraindicate beginning 
‘with a typical progression, we recommend considering the following sequence: 


1. Beggin with the flexion-extension eveles, also called the eat/eamel motion (see figure 

ub), to redace spine viscosity. Note that the cat/camel is intended 2s a motion 

exercise, not a stretch, so the emphasis is on motion rather than “pushing” at the 
end ranges of fexion and extension. We have found that five or si eyelesare often suf- 
ficient un reduce most viscous stresses—addi~ 

tional cyeles rarely reduce viscous frietion 

further. Those with sciatica may find increased 

symptoms during the flexion phase. Use 
in to guide the suitable pain-free range of 
motion. 

2. Perform slow partial squats in which the pels, 

directeil downward and posterior along. a 

448° line. The spine has no motion (see “Potty 
Squat” page 179) 

3. Sciatic pain sufferers may try the nerve 
flossing technique following a posture chat 
relieves neural tension, Z 

4. These motions are followed by anterior 
abdominal exercises, namely, appropriate curl 
ups 


5. Lateral musculature exercises follow, namely, 
the side bridge for quadratus lumborum and 
the muscles of the abdominal wal for optimal 
stability. 

6. "The extensor program consists of leg exten 
sions and the bird dog. 


In general, werecommend that the isometric holds 
performed in the curl-ups bridges, and bird dogs he 
ro longer than 7 or8 seconds, given recent evidence 
from near infrared spectroscopy indicating rapid lows 
‘of ovailable exyzen in torso muscles contracting at & 
these levels, Short relaxation of the muscle restores 
‘oxygen (McGill, Hughson, and Parks, 2000). The Figure 12.8 Caticamel exercise, Note that this sa 
endurance objectives are achieved by building up motion exercise andi nota stetch; do not push atthe 
repetitions of the exertions rather than by inereasing, end range of motion, Viscosity is measurably reduced 
‘the duration of each hold. after just a few cycles, 
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“Motivated by the evidence forthe superiority of extensor endurance over strength asa hench- 
mark for good back health, we documented normal ratios nfendurance times for the torso flexors 
relative the extensors and lateral musculature (see chapter 11). Use these values to identify 
endurance deficits both absolute values and for one muscle group relative wy another—anil to 
establish reasonable endurance goals for your patients, 


{iusavce > A Crucial Note to Clinicians 


Insistence on perfect technique wil allow the patient to eeach much higher levels of challenge 
without pain. Do not allow spine deviation such as lumbar flatiening to the floor or loss of 
neutral dusing holding of any stabilizing posture. Consiant postural correction is necessary in 
some patients Finding the optimal dosage of load js also criical, Keep cortecting jo etiminare 
any pain. 


Exercises That May Be Used 
ina Stabilization Program 


‘The basic “big three” exercises have heen found to be the exercises that are the most effective 
in working with patients with low hack troubh 


BEGINNER’S THROUGH ADVANCED CURL-UPS 


series of curl-ups, along with neck strengthening isometric exercises for the neck (as 
necessary), provides @ good foundation for a stung recius abdominis, 


BEGINNER'S CURL-UP. 


‘Thecurl-up technique is critical to sperethe spine. The basic sarting posture is supine withthe 
hands supporting the lumbar region, Do not flatten the back to the floor, which takes the 
spine out of elastic equilibrium and raises the siresses inthe passive tissues. While the posi- 
tion of elastic equilibrium is desired in the 

lumbar region, the hands can be adjusted 

to minimize pain ifneeded. One legis bent 
with the knee flexed to 90° while the other 

leg remains relaxed on the floor. This adds 
further torque to the pelvis 16 prevent the 
lumber spine from flatiening to the floor 

The focus of the rotation is in the thoracic 
spine; many tend to flex the cervical spine, 
Which is poor technique. Rather, picture 
the head and neck as a rigid block on the 
thoracic spine, No cervical motion should 
‘accur—either chin poking or chin tucking, 
‘The intention is to activate rectus and the 
obliques and not to produce spine motion 
Individuals who report neck discomfort 
may try the isometric exercises for the 
neck that follow. In addition, particularly 
for patients experiencing neck discomion, 
the tongue should be placed on the roof of the mouth behind the front teeth and pushed 
‘upward, which helps to promote stabilizing neck muscle patterns, Patients should leave 
the elbows on the iloor while elevating the head and shoulders a shor distance off he floor. 
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‘The rotation is focused in the micthoracic ragion. The head and neck unit is lacked! onto the 
rib cage. 

Shown in the photos are (a) a very mild form of the curl-up isto just take the weight oif 
the head and shoulders with almost no motion (6) while more challenge is obxained with 
raising the head and shoulders but focusing the motion tothe thoracic spine with no cervical 
‘or lumbar flexion, 


ISOMETRIC EXERCISES FOR THE NECK 


“Those who experience nack symptoms with cur-ups may find relief by building the neck with 
Isometric exercises. In all af these exercises the head and neck unit daes not move. and the 
tongue is placed on the roof af the mouth behind the front teeth: (a) The hands are placed an 
the forehead, which resists neck flexion effor; (b) the hand is placed on the side of the head 
to resist cervical side flexion effort, and then repeated on the other side; (c) the hands are 
placed on the back of the head ta resist cervical extension effort, Hold for several seconds, 
then relax, building up endurance and grooving sabilizing motor patterns by increasing the 
repetitions of the hold-telax cycles. (Believe It Or not, some patients ty this while chewing 
‘gum, which makes the grooving of stabilizing patterns impossible.) 


CURL-UP, INTERMEDIATE 


The intermediate progression of the cur-up isto raise the elbows a couple of centimeters so 
that the arms do not pry the shoulders up, thus shitting more lead to the rectus. Do net raise 
the head and neck any higher than in the beginer’scurl-up, 
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CURL-UP, ADVANCED. 

‘An advanced curl-up requires prebracing of the abdominal wall, The resistance is provided 
by the brace, and no additional motion takes piace. This can be facilitated and leamed with 
fascial raking by a clinician, Deep breathing is also added to train the diaphragm to function 
independently 6 the stabilizing abdominal musculature. The head and neck must move asa 
Unit, maintaining their rigid-block position on the thoracic spine, 


Side bridges are excellent exercises to challenge the important stabilizers of quadratus lum- 
torum, latissimus dorsi, and dhe abdominal obliques, while sparring the spine of high fonds, 
While there are several forms that comprise 4 logical progression, each form is characterized 
hy # neutral spine with the rib cage locked 10 che pelvis 


SIDE BRIDGE, REMEDIAL 


Many special patient cases deserve consideration—ior example, the chronic patient who is 
‘quite deconditioned. These patients are sometimes unable to periorm the side bridge even from 
the knees, Start those people with 2 side bridge while standing against a wall, Instruct them to 
move smoathly irom the beginning position (a) through the iniermediate position (b) to the 
final position (c), in ane flowing motion. The patient should pivot aver the toes, a if perform- 
ing.a fluid dance mave. Cueing irom the clinician may include feedback from the heels of the 
and on the polvis and the fingertips an the rig cage to eliminate lumbar motion, 

‘Once patients graduate tothe floor, they can spare the spine by beginning (dl) withthe knees 
and hips quite flexed and moving into the side-bridge posture with an accordion tike uniolding 
Cf the legs (or a hip hinge squat), all the time (e) Keeping @ braced neutral spine. Never allow 
the patient 0 (2) slump into a deviated posture, 

‘Another type of patient is the foothall player whose shouldersare so painful he cannes toler- 
ate the shoulder load (some elderly women also fall intothis patient group). These patients can 
periorm a modified side bndge by lying on the floor and attempting to raise the legs laterally 
(g, h) or simply attempting to take the weight off the legs. 

‘Another option jor patients with shoulders that cannot tolerate load is to stand on a 45° 
bench with the feet anchored (i), which spares the shoulders 

Using other devices, the torso can be either elevated from the pad (jk) or bridges! with 
the shoulder () 
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SIDE BRIDGE, BEGINNER'S THROUGH ADVANCED 


Once your cient is comfortable performing the final remedial side bridge, the client may move 
‘on jo the beginner through advanced side-bridge progression, 


BEGINNER'S SIDE BRIDGE 


Roginners bridge trom the knees. In the beginning 
position, tho exerciser ison the sido, supported by the 
‘lbow and hip. The knees are bent to 90°, Placing the 
free hand (the hand and fingers are spread and cap 
‘over the deltoid) on the opposite shoulder and pulling 
down robustly on it will help sabilize the shoulder 
the torso is sraightened until the body is supported 
‘on the elbow and the knee, with some input from the 
lower leg. The beginners side bridge can be slightly 
advanced by placing the free arm along the side ofthe 
torso—effectively placing mere load on the bridge. 


INTERMEDIATE SIDE BRIDGE 
“Thebeginningpposition for the intermediate side bridge 
is like that for the: beginner, except that the legs are 
straight. The torso is straightened until the body is 
supported om the elbow ant feet (see photo). When 
supported in this way, the lumbar compression is @ 
modest 2500 N, but the quadratus closest to the floor 
‘appears o be active up 10 50% of MVC (this is a pre 
ferred exercise for the obliques since they experience 
similar levels of activation) 


INTERMEDIATE VARIATION ON SIDE BRIDGE 


Placing the upper leg and footiniront of the lower leg and feotwill enable longitudinal “rollin 
the torso 10 challenge both anterior (2) and posterior (b) portions of the abdominal wall 


ADVANCED SIDE BRIDGE 
Advanced tachnique to enhance the motor challange ofthe side bridge isto ransfer fram one 
‘lbow to the ather while abdorinally bracing (2-c) rather than repeatedly hiking the hips of 
the floor into the bridge position. Ensure that the nb cage is braced to the pelvis and that this 
rigidity is maintained through the ful all from one side to the other (a,b). The clinician may 
cite the patient ty placing the heel ofthe hand on the ia crest with the fingers touching the 
rib cage, Ths effort ta ensure thatthe pelvis does not lead the rb cage during rolling mekes 
the exercise more challenging, and safer for the spine, Poor form is shown in c, Stl higher 
levels of activation would be reached with the feet on a labile surface \Vera-Garcia, Grenier, 
‘andi McGill, 2000). This is technique reserved for the athletic back. 
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Clinicians should remember w emphasize abdominal bracing and a nevtral spine throughout 
all versions of this final of the “big three” exercises, namely the bied dog. Poor form includes 
“ip hiking” or aay other configuration that causes deviation (twist, flexion, oF lateral bending) 
to the spine (see Figure 12.9, wb). 


x 
» ba 


Figure 12.9 Common mistakes made in the bird dog are (2) “hiking” the hip, which twists the spine, and (a) not achiev- 
ing a neutral spine—a flexed posture is shawn here. 
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REMEDIAL THROUGH ADVANCED BIRD DOG 


Recall that the basic bitd dog tains the extensor muscles, even though the abdominals are 
consciously activated to control and maintain the neutral spine posture. As always, progres- 
Son basec! on each patient's unique needs and responses to exercise, along with insistence on 
correct form, is indispensable to ensuring that the patient experiences strength and endurance 
sins withou 


REMEDIAL BIRD DOG 

‘he siarting postion is on the hands ancl knees with the hans under the shoulders and the 
knees directly under the hips (a). For the patient with a very deconditioned back, this exercise 
involves simply lifting a hand or knee about an inch off the foor (b). Alter the patient is able 
to raise a hand or knee without pain, itis appropriate to progress to raising the opposite hand 
and knee simultaneously 


BEGINNER'S BIRD DOG 


“The progression continues with raising one leg or one arm at atime, 


INTERMEDIATE BIRD DOG 

‘The intermediate bird dog is achieved when the patient is ableto raise the opposite arm and 
{og simuitancously. Raising either the arm or the leg past horizontal should be avoided, The 
objective isto be able to bold the limbs parallel to the floor for about 6 to 8 seconds, Good 
form includes a neutral spine with no spine motion and abdominal bracing, 
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ADVANCED BIRD DOG 


‘To develop the motor control challenge further, he patient should not rest by placing the hand 
and knee to the floor after each holding repetition. Rather, after extending the normal bid do 
position (a, the patient should “sweep” the floor with the hand and knee so that no weight is 
ome by either. The patient is shown beginning the sweep (b), at the innermost point of the 
sweep (C), and coming back out ai the sweep id), The patient then extends the active limbs 
hack out into the bird dog position (@). This technique also allonys muscles to reaxygenate 
with each “sweep” cycle (McGill, Hughson, and Parks, 2000). Finally, the raised hand and 
arm should be siffened with cocontraction including the shoulder. With focus on the upper 
hack, these muscles (thoracic longissimus and iliocostali) are facilfiated to a higher level of 
contraction. 


TE 
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CHAPTER 13 


Advanced Exercises 


the beginner's program deseribed in chapter 12 should he sufficient for daily spine health, 
Several situations, however, may eal for further tani 


* Certain occupational tasks with specific demands that require unique preparation and 
training 

me athlete endeavers that demand higher challenges of low hack training (although 

this is achieved with much higher rik of tissue damage frnm overlond) 


me patients who, as chey progress with the omnetrc stabilization evercises described 
in chapter 12, want ro continue increasing the challenge 


‘This chapter will insoduce some examples of how to increase low back challenges safely, 
how wo address specific worker and athletic concems regarding advanced wining, and some 
ideas about the next steps to be taken in the study of low back rehabilitation and training. Bur 
advanced training is a complex topic that cannot be adequately addressed in a single chapter, 
For the interested reader I have written Uitintte Back Fines: an Performance (20), a detailed 
ook on advanced exercise tor the back 

“The previous chapter covered exercises that accomplish the goals ofthe first three stages of 
progressing exercise, This chapter introduces a few notions about stages +and 5, Recall: 


+ Stage 
~ Identify pernusbed patterns and develop sppropriate correetive exercise 


jtoove motion pattems, motor pattems, and corrective exercise. 


~ Address basic movement patterns through to complex activity-specific 
patterns, 


~ Address basic halanee challenges throngh to complex and specific hakance 
* Stage 2: Build whole-body and joint stability (focus on spine stability here). 
~ Build staility while sparing the joints. 
~ Ensure sufficient stability comm 


rate to the demands of the sh, 


~ ‘Transfer the patterns into application during daily activities. 
+ Stage 3: Increase endurance. 


~ Address basic endurance training to ensure the capicity needed for 
stabilization, 


~ Aides ativity-spesifie endurance (duration, intensity) 
~ Buill the base for eventual performance taining (oly in those with this goal. 
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+ Stage 4: Huild strength, 
~ Spare the joints while maximizing neuromuscular compartment challenge. 
~ Progress to skill movements. 

+ Stage 5: Develop speed, power, agility. 
~ Develop ultimate performance with the foundation laid in stages 1 through 4. 
= Foeus on optimizing elastic energy storage and recovery. 
~ Employ the wechniques of superstiffness. 


Safely Increasing Challenges 


“To optimize patient safety, the clinician must be aware of issues associated with training on labile 
surfaces and with machines, and how to progress the “big three” exercises described in chapter 
12 (curt-ups, side bridges, and ley and arm extensions) co their hig 

provided here, 


Labile Surfaces 
and Resistance Training Machines 


Nortall clinicians are aware of the factors they should take into account 
when deciding whether to prescribe exercise using labile surfaces or 
machines, Following are guidelines about hoth of these issues, 


‘Training with labile surfaces. Challenges to thespine during daily 
activity nclide maintaining stability daring stati, eady-state postares; 
unexpected loading events; and planned dynamicor ballistie movement. 
“This has motivated some clinicians to recemmend exersising on labile 
surfaces such as gym balls. Certainly, these labile surfaces challenge the 
_motor system wo meet the dynamic tasks of daily Living or specific athletic 
activities and can be very helpful far advanced training. But might this 
{ype of training be of concer for some patients? Our recent quantifiea- 
ton of elevated spine londs and mascle coactivation when performing 
a curl-up on labile surfaces (Vera-Giarcia, Grenier, and McGill, 2000) 
suggests that the rehabilitation program should begin on sable surfices In 
this case, we assessed the simple curl-up forthe effect ofa labile surface on. 
muscle activation pattems (see gure 13.1... Simply moving froma sable 
surfice toa bile surface enused mich more encontraction, which in many 
‘eases virtually deubled the spine load (see figure 13.2), The practice of 
placing patients an labile surfaces early in the echabilitative program con 
delay improvement hy eausing exacerbating spine loads. We therefore 
suggest beginning exerciseson a seablesurface and establishing positive 
slope to improvement. Introduce labile surfaces judiciously only ence the 
paticnt has achieved spine sabiity and sufficiently restored load-bearing 
‘Capacity, and can tolerate addtional compression. ‘This same principle 
‘ean be extended to sitting. Sitting ona gym ball grestly elevates spine 
load through ineseasedl muscle coactivation, For this reason, nonpatients 
should avoid prolonged siting on gym balls, and patients should use them 
‘only ance they have achieved spine stability and increased load-hearing 
‘capacity, There is a time and a place for labile surfaces. pe rived Pile he Lt 

* Training with machines and equipment. Generally tne goal of yy extemal and mera obliques 
establishing stabilizing motor patterns requires the individusl w support Cqused by simplymeving fom 
body weight and coorlinate the stabilization ofall jointsinvolved in the sable surace to (b-d) varying 
task, In other words, it a whole-body, even whole-person, endeavor, jypos of lahile surfaces ie shown 
‘Many trainingmachines,on the other hand,are made to solatea specific jn figure 13.2 


wwe 131 The simple curl-up, 
was assessed for the effect of a 
labile surface on muscle activa- 
tion pamteins. The percent of 
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ce neither workers nor athletes perform their tases in 
lly stabilized manner, these types of motor patterns 
cause inappropriate 


this ari 
ray not be transferable and, worse, may 
{grooving of motor and motion patterns. The only time machines 
that isolate joints can be helpful is when an injury to a specific 
body part requires its protection during rehabilitative training. 
Some incorrectly believe that isolating a joint somehow reduces 
the loading and thas reduces the risk. Consider, for example, 


the typical extensor henches or Roman chair, which generally 
impose twice the muscle loading than results from performing 
the bird dog since both right and left sides of the lumbar and 
the thorscic extensors are activated (eee figure 13.3). Patients 
who must use machines should consider cereain back-sparingg 
techniques, The leg press rack, for example, sometimes causes 
the pelvis to rotate away from the back rest when the weight is 
Jowered The resultant lumbar flexion produces hemiating con 
titions forthe disc! If patients mast use this exercise, we suggest 
they uve justone leg ata time to ensare thatthe pelvis remains in 
‘contact with the back pad and that they preserve a neutral spine 
Gee figure 13:4), Having stated this, however, we would never 
attempt to groove these motor patterns in any of our programs; 
they are nonfunctional except for leg-pushing a weight up 
ramp! 

For the purmosesof this diseussion, cables to weight stacks are 
not considered machines since they do not isolate joint mation 
and add resistance to whole-body niotion patterns. One exercise 
that enhances the ability to stabilize the pine isthe cable pull- 
down, This exercise, when the handichar is brought down to 
the chest (rather than the back, which is traditional technique), 
challenges the latissirous dorsi and ocher stabilizers (see Cale 
Pu Done for Laembar Stailicatios, yagg: 238). As we will see 
in a subsequent section, these types of exercises form a part of a 
performance-based program. 


2 


# otf 


(Postures shown in figure 13.1) 


Di Rectus abdominis 
External cblique 
Ti Intemal oblique 


Figure 13.2. The% MVCcaused by each 
fof the postures shown in figure 13.1. 8 
curl-up with the body over-aball and the 
feet on the floor (figure 13.10) virtually 
doublesthe abeminal muscle activation 
seen inacu-up ona stable surface igure 
13.12) and, correspondingly, the spine 
load. Note thatthe % MVC require of 
the three muscles studied is also much 
higher in curl-ups with the hady ove 
3 hall and the fet on 3 hench (igure 
13.1b) and with the body on a wobble 
board (igure 13,1¢) rather than on a 
stable surface. Clearly, a gym ball can 
be wonderful for advanced taining but 
is contraindicated for meny patients 


Figure 13.3 The typical hackextensor devices will impose 
generally twice the muscle loading of the bisd dog since 
both right and left sides ofthe Lumbar and the thoracie exten 
sors are activated. These may be necessary for same types 
cf performance training, but they are ill-advised for mast 
patients because of the spine compression and mation, 


Figure 13.4 Forhark patients who have compromised hip 
flexion, lowering the weight sometimes causes the pelvis 
ta rotate away from the back rest, This also can occur if 
the weight is Inwered too far This creates a naniunetional 
rotor pattem. Further, his produces hemiating conditions 
for the disc! One legged-standing squats are far superior 


jn every measurable aspect! 
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Safely Progressing Back Exercises 

"Thies Re ats, va RL ARCATA Lesa BRAC ON llenatag 
nid pe 6 Taciepenie Oc autny loners Sad, Afar eelaing die cdraioed ens ofa 
Tigthrow ebeeiaeg wil present on addiconal advanced back earrels: 


ADVANCED BACK EXERCISES. 


‘Once the patien: has mastered the advanced curl-up, side bridge, and ied dog described in 
Chapter 12, Instruction to try the following may be appropriate: 


CURL-UF, HIGHEST LEVI 

1. Brace the abdnmen (if necessary, review the instruciions 
on page 176), 

2. Curl up against the brace, but dono! curl up any higher 
than in other forms of the exercise. 

3. Perform deep breathing while in the “up” cur-up position 
and while maintaining bracing. Remain in the up position 
long enough to take a few deep breaths, This level of curl- 
up will be challenging for the toughest NFL linebacker! 

4, The abdominal wall is cued for bracing and stiffening (e) 
Plyometrics may then be added in the “dead bug” position 
(b) with short-range but rapid hip and shoulder flexion, 
Ensure that all motion occurs inthe hip and! shoulder joins, 
not in the braced spine (c). 


SIDE BRIDGE, HIGHEST LEVEL, 
AND OVERHEAD CABLE PULLS 


The side bridge can be more challenging by incorporating the roll 
described in chapter 12 (page 226), together with dynamically 
coniractingand relaxing the abdominal wall whil 

susiaining position. 

‘The patient or athlete can then begin abdor/- 
nal work in a standing posture. A family of exer 
cises that very cleverly trains the entire anterior 
chain comprises the overhead cable pulls, Here 
the motion is focused about the hips. as there is 
‘no spine motion (see photos) 

Overhead cable pulls are considered athletic 
progressions for abdominal exercise (a), However, 
they are more than simply abdominal exercises 
as they enhance sufness, rength, and control of 
the entire anterior chain, Nove that ll motion is, 
about the hips (b). 


BIRD DOG, HIGHEST LEVEL 


“The bird dog is move demanding when the patient consciously stretches the hand out forward 
and the foet out behind all the while ensuring that spine motion (particularly bending) dos 
nattake place. fperiormance abjectivesare desirable and i the patient has no exacerbation uf 
symptoms, small wrist and ankle weights may be allowed. Plyometries are added as the hand 
and foot “craw” opposing squares. These plyometrics begin in the stariing position (a), then 
Include moving the hare! and the foot down away from the body (0), and then moving the 
hand and foot downyard (c). Just as the hand and foot are brought toward the body micline 
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(c), the toro is consciously braced, and a ballistic short-range extensor contraction occurs at 
the shoulder and hip fe). Once again no motion must accur in the spine. 


EDUCATING ALL BACK EXTENSOR MUSCLE MOTOR UNITS 


When searching for ways to obtain maximum myoelectiic activity from the back extensor 
muscles, we discovered that isometric back extensor exercises do not recruit the full poo! of 
olor units: Marly more motor units ite With sume extensor motion. As a result ofthis discovery, 
this bck extensor exercise, which builds strength and endurance and helps to hyperrophy the 
muscles, was developed. Its used by some of the strongest athletes inthe world to “educate” 
the motor units in the back musculature to fully recruit and tire. 

While the athlete is lying prone on a bench with the torso supported on a movable stiff 
pad, place weight in one hand, The edge of the pad is placed under the mid rib cage. The 
cantilevered portion of the spine is slightly flexed and then extended, combined with some 
slight twist hack to neutral fa). The object is not io actually twist but to focus activation on one 
Side the extensoxs—to use mental imagery (chapter 10) 10 assist in activating the maxiroum 
number of available motor units. The spine never extends past neutral. After aset, place the 
weight in the athlete’ othor hand and have the athlete repeat the exercise. Then move the 
pad downward (perhaps about the level of the nave so that a greater portion of the torso is 
cantilevered (b). Have the alhlete repeat the sets. Move the pad! ferther down the athletes 
body (perhapsto about the pelvis), leaving more ofthe torso cantilevered, and have the athlew 
repeat the entire process (C). The sharp edge of the pad! is beter for imaging the edge and 
focusing on the corresponding specific section of muscle. 


Copyrighted Material 


Copyrighted Material 


SQUAT WITH OVERHEAD RESISTANCE 


‘Moving 'o a standing posture the progression continues with @ 
‘wonderful exercise that challenges the back and hip extensor 
mechanism. The squat with overhead. self-generated hand resis- 
tance grooves a scuat patiern, with very robust recruitment oF 
back and shoulder musculature for stability and stiffness. 

The squat with overhead resistance requires one hand to 
push into the other causing contraction throughout the entire 
‘upper back, shoulders, and chest (a). The squat utilices the hip 
hinge with the hips tracking along 45° path (no spine motion) 
(b). Acare-legged "good morning” version of this exercise can be 
inciuded for these inierested in more hamstring challenge. The 
hands alternate between the right in jront and the let in tron, 


BACK EXTENSOR EXERCISE WITH A GYM BALL OR TABLE 

‘Another variation of the exercise for educating all back extensor muscle motor units i t0 
perform the extension motion over a gym ball where the feet are secured (a) and the ball is 
moved progressively toward the pelvis with each set (b). But once again, note that a sharper 
edge is better than the ball for training motor units. For this reason, a table may be considered 
Where the loro is progressively moved farther over the edge with each repetition (c, o 


Another variation ofthe hack extensor exercise with a gym ball requires the hands to be 
secured (« and the legs to be cantilevered behind (6) in the “reverse extension” (Figure 13.5) 
“This is an ill-advised exercise for many people in that posterior shear forces are developed in 
the dise and interspinous ligament. While some great athletes train with this exercise and have 
success, many will develop back troubles because of 


Figure 13.5 Reverse hip extensions cause shear and pain in many people. 
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Occupational and Athletic Work Hardening 


Certain workers and athletes encouncer demands that require training that we would never 
recommend to patients unless absolutely necessary. Anyone considering going beyond the 
exercises described previously should be fully aware of the increased risks of hack injury that 
these exercises will pose. These exercises aimed at workers or occupational athletes should be 
restricted to that group because they present alevel of risk thatis unacceptable for any but those 
who are willing th assume it for the sake of athletic or work performance. 

‘Once again, choosing the appropriate challenge involves a blend of clinial art and science 
“Too line load will not produce the training adaptation, and too much will break tissue down, 
Listen to the body, and give adequate rest. 


Low Back Exercises for High-Performance Workers 
or Athletes 


Jn general, we stage training of high-performance workers and athletes with the same steps used 
in our rehabilitation approach, except that two more steps are added. We begin in stage | hy 

stifying the essential motions and srooxing appropriate motion and motor patterns. Stage 
2 is directed toward ensuring joint and whole-body stabilizing patiems. Stage 3 is to develop 

sele endurance around these patterns, Stage +is direcued to enhancing strength, And, finally, 
sage 5 istoestablish power. Unfortunately too many exceptional athletes are vain, or given a 
rehabilitation program based on strengthand power, without an adequate foundation of stabiliz~ 
ing motion and motor patterns, They end up with hack problems and are referred to us. 

In this section we vill brielly consider evercises that may be helpful to either workers with 
demanding jobs or athletes, The requirements of the activities are not excessive For those who 
have adequately prepared by mastering all of the exercises previously discussed in the text. Spe- 
<ificaly, these individuals should have mastered spine position awareness and be able to produce 
low back stabilizing patterns but may need mare work to successfully move thromgh the ranges 
‘of mation specific t their task, In addition, they may need more strength and enduranee. 


Qualifying the Worker or Athlete 


The cliical decisions involved in staging a worker or athlete through the progression of chal- 
lenge is an art that can be assisted with sctentfic data, ‘Those who are Ieoking fora set recipe, 
however, will fal at creating a successful program for an individual. Generally we blend the 
worker o athlete’ current exercise status and history of injury with cur own knowledge of 
spine tissue loads that result from various activities and our knowledge of injury mechanisms to 
alify an individual for a specific evercise progression, We then put our educated guess to the 
testand monitor parient progress to ensure the maintenance of a postive lope of improvement 
in symproms and funetion, 


Lumbar Stability With Elevated Simultaneous Physiological Work Rates 


While some individuals can maintain spine stability overall sorts of activities, including those 
that require the stabilizing musculature to assist with physiological challenges such as elevated 
breathing, others cannot (McGill Sharratt, and Seguin, 1995), We have noted a compromise 
in the ability o stabilize more often postinjury (McGill e al., 2003), although we have also 
detected that compromise in “vingin backs.” Interestingly tal athletes tend to be poorer in their 
ability t eocontsact the abdominal muscles to ensure sufficient stability during high work rates 
and highly challenged breathing than their shorter counterparts. This perception appears to 
be supported hy the mast recent evidence showing that taller workers have a greater likelihood 
‘of having perturbed motor patterns while breathing heavily and holding spine loeds (MeCiill 
als 2003). 

‘Consider the warehouse worker, Girefighter, or football player who must work ata high phoysi- 
‘logical rate thatresuts in deep and elevated lung ventilation. The inability to maintain constant 
‘cocontraction inthe ablominal wall (ie, the muscles tend to relax during deep inhalation) isan 
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indieator of compromised spine stability, particularly when heayy external loads that demand 
a stable spine are required. These individuals must develop stabilizing motor patterns that will 
transfer tall xctivities. Father down on this page you will ind an exercise we have devised 
train these people in maintaining abdominal bracing, while breathing heavily 


Torsional Capability 

Some activities that athletes or workers must perform require twisting and the creation of 
substantial torsional moments, The difference between the mechanics involved in twisting and 
the generation of torsional moments was discussed in chapter 5. The question is, “Hew ean we 
maximize stability and minimize the risk of injury during training for trunk torsion?” Because, 
as previously noted, generating torque sbout the twist axis imposes approximately four times 
the compression on the spine as an equal torque about the fexion-estension axis, itis unwise to 
tain for torsion gencraton until the back i quite healthy. 


‘SPINE STABILITY EXERCISES FOR WORKERS AND ATHLETES 


Although these exercises have been designed to minimize injury tisk, you must be carefLl to 
prescribe them anly to those who can already safely perform the advanced levels of the “big 
three” exercises presented in chapter 12, 


ESTABLISHING SPINE STABILITY WHEN BREATHING IS ELEVATED 
Some athletes and workers only risk spine stability when they are breathing heavily. To train 
simultaneous patterns to ensure stability during breathing heavily, we have developed the 
following approach, 


1. Ride an exercise bike at an intensity to elevate veniilation, 
2, Then immediately dismount and adopt the side-bridge posture on the floor 


tn this position the stabilizing musculature must remain isometrically contracted: otherwise, 
the bridge posture is lost. Heavy ventilation is alzo requited, however acting to groove the 
motor patterns that ceordinate diaphragm contraction and other thoracie muscles involved in 
ceficient lung function. The curl-up and irl dog postures are also used afer vigorous Sationary 
biking to groove stable paterniag in all ofthe supporting muscles. in this Way we establish 
spine stabilization pattems in workers and athletes alike, 


TRAINING FOR TORSIONAL CAPACITY 


‘The technique we have found for producing low spine loads while challenging the torsional 
moment generators 10 raise 2 handheld weight while supporting the upper body with the other 
arm and abddominally bracing (see a and bi to resist the torsional torque with an isometrically 
Contracted and neutral spine, Dynamic challenged twisting is reserved for the most robust of 
athietes. We would never 

recommend training on 
the torsional machines 
(uch as those where the 
athiete is seated with the 
pelvisbelted down and the 
Upper body twists against 
resistance) unless specific 
athletic periormances were 
the training objective, and 
then the individual must 
be made aware of the 
clevated risk of pursuing 
this approach 
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Some very useful and transferable motion patterns are produced with the various cable 
‘exercises (c.g, highpuls, low pulls, and “chopping” exercises), which produce high torsional chal- 
lenges. Because of the lumbar compressive loads associated with these tersional torque challenges, 
we suggest discipline in bracing the torso in a neutral posture. It would also be wasete consider the 
transmissible vector (the perpendicular distance bepveen the cable force and the lumbar spine) 
hen choosing the technique to contol the torsional torque and resultant spine load. Data on 
spine loads during a vanety of cable exercises are contained in McGill (2006). 


SPECIAL SUGGESTION FOR THOSE WHOSE BACK IS WORSE 
WITH SITTING AND THEN HAVE TROUBLE STANDING 


“To combat the cumulative stresses of siting, we often recammend walking with a backpack 
with the load placed low in the pack. 


1. Putting on a backpack weighing about § to 10 kg (11-22 Ib) 
2, Then going fora walk ver rough ground for an hour or two 


Amazingly (to some), many patients report that this works wonders, The typical forward! 
flexed antalgic posture requires the back extensors to be active (which imposes a substantial 
load penalty ona flexed spine), The backpack acts as a counterweight jo extend the spine 
‘and bring the torso upright, The back extensors are no longer needed to comract, effectively 
removing their contribution to spine joad. Wearing the backpack reduced spine loading! 


CABLE PULL-DOWNS FOR LUMBAR STABILIZATION 


Latissimus dovst is an essential muscle for spine stability, and for 
‘enhancing elastic performance. The squat with the averhead hand 
push (page 235) is an excellent approach for starting the standing 
posture integration of this muscle, This is enhanced with cable 
pull-downs (see photos) 

“Two variations (a, 6) of the cable pull-down exercise should be 
periored with the handlebar lowered to the chest rather than to 
the back. This enhances the role of several spine extensors and in 
particular the latissimus dorst for lumbar siabilization, 


Low Back Exercises Only for Athletes 


Specific athletic objectives require specific traning techniques. As noted earlier, however, too 
‘many patients make the mistake of looking to athletes for taining exercises under themisconcep- 
tion thacthe seme approach will help their own backs. This ertically important notion must he 
cemphusized again: Athlesie exercises are not for enhancing back health in patients. In addition, 
too many athletes use bodybuilding principles for building: mass. These must not be emulated 
ly patients. The following exercise eximples are reserved for athletes only 


Training-Specitic Athletic Maneuvers 


‘The various trunk torsional machines or resisted nesting motionsare reserved for those who 
want ta excal at very special racks such as Olympic disens throwing. (I mustadd that some track 
athletes with whom I have been associate clinically do not perform these exercises because they 
exacerbate their back sympoms,) Otherwise, the torsional moment capabilities are developed 
with the spine in a newtral postion, witha fully braced tor muscularure, but with a torsional 
moment challenge. The neutral position is the most sobust posture uv withstand the elevated 
ne aus; itisalsothe spine posture that istransferable to other activities thatrequire torsional 
moments with the least risk of spine damage, 

Sprinting and other power running events sich as those performed by football players should 
Top-end speed for most sprinters isusually limited by the recovery ofthe leg 
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in flexion (hip lesion), not a lick of hip extension powers’Thus, many tran the psoas according 
to the power philosophy—and end up with a bad back. Its eritical for these atbletes to main 
tain spine stability and be eonscious of the braced and neutral spine during rigorous hip flexor 
training required for sprinting events. 

Allsomtsof exercises and special equipment have been developed for performance taining. But 
very few performance approaches have been documented with substantial scientific foundation 
to warrant discussion in a book such as tis. However, one exception is the book Supertratning 
by Dr. Mel Siff, where an impressive number of studies have been synthesized and reviewed 
x example, Dr, Siff makes a case for avoiding the development of motions that are guided 
predominantly by machines, and instead advocates cables and free weights, as well as undoaded 
speed training, with dara-based argument. Further, substantiated principles of functional 
anatomy, physiology, biomechanics, and motor aspects such as facilitation are used to justify the 
appeoaches documented in Supertraining to enhance strength, power, speed, and musele endur- 
ance. These performance objectives cannot exist without the foundation of stability, mobility, 
and the additional principles I have documented in this book, While there is no question that 
these principles and exercises areexcellent for performance, there isa high resultant spine load. 
Some backs simply will noc tolerate some of these higher-demand exercises—but not everyone 
‘eantolerate the rigors of training to be a champion, regardlessof the soundness of the scientific 
technique. The exercise variations are endless and are outside of the scope of this book. 

Finally, with respect to designing workouts, the “big three” can be performed at the begin- 
ning of the workout to help groove and establish the stable motor patterns for the rest of the 
training session. Some trainers also like to Finish the session with these exercises if they desire 
tw take the exertions to fatigue, 


Training to Squat and Power Clean 


Squats and power cleansare good exercises for developing power for athletic performance, but 
have limications. Many top athletes are referred to us who have enormous sagital plane strength, 
yet show great weakness in nonsagittal strength. They have overemphasized the “Olympic lifts” 
for power without training power for lateral motion, turns, and so on. Furthermore, these lifts 
are creating a lot of damaged backs. Many younger athletes do not have the hip structure to 
begin the pull with the necessary hip Hlevion required to have a neutral spine at the 

‘of the pull, Serious squat training for us aways includes one-legged sa 
stiflegged sled drags, and hip airplanes, together with many more. This is a very involved 
topic, and the interested reader is directed ta the detail provided in my Ultimate Back Fitness 
and Performance (2008). 

“The instructions from our perspective are very simple: Ifa perfect starting position eannoc be 
‘obtained, then other means re needed. Many great athletes cannot do theselifis. Never sacrifice 
form forlifing more weight. Year after year [give chs adviee to young athletes, and year ater 
‘year a substantial proportion will ruin their backs by not heeding this simple guideline, As the 
‘ld saying goes, “Its amazing how much your parents learned as you grew older.” 

few people in North America can perform squats and power ceans well and with alow 
risk of injury, The Bastem Europeansare technical masters, and the technique is well covered 
in my high-performance book (McGill, 2006). It is interesting 10 see the emphasis placed on 
grooving the correct motion and motor patterns long before substantial weight is attempted. 
‘Young Fastern European athletes spend years developing the form by lifting broomsticks. Only 
when the form i perfect is strength increased and weight added to the bar. Generally, preserving 
the neutral humhar spine will solve many ofthe safety issues, but this depends on the ability to 
take the shoulders and hips to extremes in the range of motion. 

Some have found that placing the weight bar on blocks to mise the starting height improves 
the utility ofthis exercise for athletes other than competitive weightlifrs. This waya lifter can 
accomplish a fast lift without the larger back loads associated with the initial crouched posture 
needed to pull fromthe foor. In this power exercise speed i important; partcjpantsare advised 
1 “train slow tobe slow, train fast be fast." For those interested in these exercises, the actual 
‘weight kinematics forthe full power clean and thecoordinationofthe leg muscles, torso muscles, 
and those involved in the shoulder pull can be found elsewhere. 
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POWER FOR ATHLETES WHO ARE NOT WEIGHTLIFTERS 


Power athletes who are not weightifers are givan power exercises with things like medicine 
balls (a-c), cables, and even floor calisthenics using only body weight. We use the concept 
Of labile loads substantially as well. Here the load is made labile via the placemeat of elastic 
bands that either may be anchored to the floor or have dumbbells swinging from them. This 
‘promotes skill to conival the bar, steer the force through the linkage, and correct movement 
errors, uitmately leading to enhanced performance (McGill, 2006). A “steering” af strength 
exercise is shown with the kettlehell clean where a mistake causes the bell 10 stip and rotate 
around in the hand (4, e. ). 


Performance exercise is so much morethan lifting weights. In many cases the way the training 
programs are organized causes detriments to performance. For example, one high-performance 
athlete came fora consult wondering why, after training the squat with a bar on his back, he 
‘was able to squat more load but his vertical jump—which had been his original objective for 
‘waining—had decreased. [had to shor him that he had trained himself wo be slow! Clearly his 
objectives were not matched to the training approach, 

Ifthe objective is speed, do not endurance train or train slowly: Speed! comes from eyelic 
ballistic contraction and relaxation. "Thus many athletes need to train speed of relazation more 
‘than speed of contraction, Performance enhancements came from a refinement of the balance 
‘of qualities. A strong individual who lacks balance and falls over when performing a one-legged 
‘squat may be fineina weight room buta disaster on the foothal field. Strength, speed, and power 
all demand the foundation of appropriate motion and metor patterns, balance, and regional 
ringe of motion within the three-dimensional context of athletic motion, Training to achiewe 
‘optimal performance is the topic of my book Uitemate Back Fitues aed Performance, which forms 
‘companion text to this one for the real expert 
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Looking Forward 


Rehabilitation endeavors are continuing to embrace techniques that consider notions of torso 
scability and various componentsinvolving posture, motor patterning, and appropriate progres- 
sive challenge. Many groups continue to work 


* 0 understand the contributions to stability of various components of the anatomy at 
particular joints—and the ideal ways to enhance their contribution; 

* tounderstand what magnitudes and pattemsofmusele activation are required to achieve 
sufficient stability while sparing the joints; 

+ widentify the best methodls to reeducate faulty movor control systems to both achieve 
sufficient stability and reduce the risk of inappropriate motor patterns occurring in the 
futures and 

+ todevelop motor patterns for optimal performance in athletes. 


Collegial efforts between scientists and clinicians continue to develop the scientific founda- 
tion to justify better low back injury prevention and rehabilitation approaches. Much remains 
w he done, 
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EPILOGUE 


Fo init nti Spas dt eda 
hacks. T hope that from now en, when you read that bad hacks just happen or that they eannot 
be diagnosed to guide cherapy,orthatthey aresolely the function of psychological factorsor the 
compensation system, you will pu and reflec that youare reading the musings af individuals 
‘who have reaches the end of their expertise 

‘Not that anyone has all the answers. With each expesimene that we perform we mn 
come new insight, but gencrally we are confined with many mere questions. So, with each 
‘experiment we become relatively more aware of what we dant know. 

Consider the viewpoint described in this text and blend it with your own clinical wisdom 
and experiences, The very best clinicians with whom I have had the pleasure of working had 
‘wonderful clinical skills and insights but made use ofa scientific foundation. 

‘To the clinicians wish the confidence to continue with what you know works and the 
inspiration and leadership to try new approaches when things are problematic. ‘Tb the students 
of clinical disciplines and those involved in the continuing development ofthe scientific foun- 
dation—there are so many more exciting experiments to perform on the wonderful fascination 
thar we share, the low hack: May we all enjoy the eontinuting journey: 
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LOW BACK DISORDERS 


In Low Buck Disorders: Lvidence-Based Prevention aud Rehcdilitations, 
Secund Ldition, internationally recognized low back specialist Stuart 
McGill presents original resoarch to quantily the Lorces Uhat spevifie 
Hovements and exercises impose on the low back, dispels myths regarding 
spine stabilization cauruises, and suggests preventive approuches ane 
strutogies 10 ollset injuries, reduce pain, and restore [unction. 

‘The second edition presents cnbanced algoritiirns Lo guide progessive 
therapeutic exercise axl specially designed pation! assessment provecalion 
tests Lv help you determine the Gause of back troubles, guide your choices 
in the best ways to climinate problems, and improve the development 
of apprupriate activities for functional gain, Whereas the Lirst edition 
focused on incroasing spine stability, the second edition provides new 
informacion on dealing with both cegional instability ur mobility and 
regional stillness present in individuals where most ol the motion occurs 
ala single spinal segment. 

With Low Back Disorders: bvidence-Bused Prevention and Rehabilitation, 
Second Edition, you will 


* pain valuable information on measured loading of the back 
during specific activities and apply it to avoid conmon—but 
counterproductive—practices in back rehabilitation; 

* learn how to analyze cach patient's or clicat’s unique physical 
characteristics and lifestyle factors to tailor preventive measures 
and Lreatments to individual needs; 

* learn how to help paticnts and clicnts progress through the stages 
of rchabilitation: corrective exercise, stability or mobility, cadurance, 
and strengih; and 

* acquire the information uccessary Lo design an ellective injury- 
prevention program. 

Low Buck Disorders: Lvidence-Based Prevention and Rehabilitation, 
Second Lduion, is the authoritative teat for study, care, and ieaument 
of the low back. Is unique approach ty back care and prevention will 
guide you in developing intervention, cchabilitation, and prevenion 
programs lo address the unique needs of each patient or dient and 
develop a sirong scientilic foundation lor your practi 


ISBN. 4: 078.0.2960-8692-1 
IBBN-10: 0-7360-6582-5 
| | | il 
Human Kinctics 4 were | | | 


Copyrighted Material 


